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NO FOOLING 

LL readers please note that this is 

our April issue. We have had some 
interesting correspondence in past 
years following publication of our April 
issue and one or two “not quite true” 
pieces. If you see what we mean? 
There are two such pieces in this issue. 
They are both obvious once you have 
read them properly, if not before! 
However, it appears that we may have 
to consider not publishing any further 
items of an Apri] 1 nature, since it is 
becoming more and more difficult to 
discriminate between fact and fiction. 

There are two true news stories in 
this months’ News & Market Place that 
could be ‘'not quite true”. The ones we 
are referring to are ‘Shades of 1984’ 
and ‘Walk Around 3D.’ Both are true 
but, in their own way, both are signifi- 
cant steps forward and therefore one 
could be excused for doubting them. 
While some of our editorial team were 
busily at work writing nonsense 
{something they do particularly well !} it 
occurred to those slaving over the truth 
that since some items of the latter 
commodity are rather way-out, their 
work could be undermined by the first 
group! The moral is believe everything 
we say unless its code name is April 1, 
we tell you its rubbish or we have 
made a mistake! (Please don’t ring up 
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THE REAL THING 

Having spoken about “news” it is 
worth looking at where things may go 
in the next year or so. Obviously the 
computer will eventually have a con- 
siderable impact on the hobby elec- 
tronics area. By this we do not mean 
that computing will take over from 
soldering and testing—it may for 
some, but that is a change of hobby. 
What we are getting at is the computer 
automation of i.c. design, which will 
change what is generally available. 

The cost of a custom i.c. is rapidly 
falling due mainly to automated design 
and the ability to manufacture com- 
bination circuits with analogue and 
digital circuitry on one chip. Charles E. 
Sporck, President of National Semi- 
conductor Corp., recently said in a 
Electronic Design International article 
“Now thanks to design automation, we 
can provide a half dozen circuits with 
the investment it once took to produce 
just one. All this will give us the 
freedom to look at more dedicated cir- 
cuit applications”. 

This could affect our hobby in two 
ways: First, it could mean more com- 
plex and sophisticated equipment 
could be easily constructed from one 
chip plus some controls, readouts, 
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transducers etc. 

Second, it could mean a demise in 
our hobby if such chips are not 
available on the open market. This is 
bound to happen to some extent—as it 
does now—but we do not believe we 
will have to give up and go away in the 
foreseeable future! Perhaps PE will 
have to arrange for supply of special 
chips to our designs in years to come, 
who knows? 

Of course with things changing as 
fast as they are we could become Prac- 
tical Bioelectronics at some stage in 
the not too distant future. Last month 
we announced in News & Market 
Place that Mississippi University were 
close to the birth of a molecular diode 
using a molecule that can exist in two 
States. This obviously means that im- 
plant electronics, not far from that 
described in this months’ 
Semiconductor Update, is nearing 
reality. As we said, we may not be able 
to publish any more April 1 pieces! 


P.S. Don't forget from next month PE 
will be even better value with more 
editorial pages in every issue — see 


page 6/6 of Micro-file for details of 
contents. 
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Shades of 1984 


De 


The video age works both ways. Be warned! The Pacman and Invader 
watching society is in turn being watched. Not just by those television 
cameras which oversee the busy commuterways, but by less obvious 
ones. Tomorrow's world will bring the thinking camera into commonplace 


existence. Today's world has seen to it. 


The Home Office's Research and 
Development Branch has, after five years 
work, succeeded in bringing to fruition a 
remote vehicle number plate reading 
camera. This TV camera is undergoing 
operational trials, now, in London. The 
Home office requests that its whereabouts 
is not revealed. 

Because the tireless policeman does not 
exist, it is impossible to note the registra- 
tion number of every passing vehicle to see 
if it has been stolen; but now, this porten- 
tious camera system surely heralds the 
demise of organised car theft. Terrorists 
too, may find themselves inexplicably net- 
ted. From its secret vantage point, the num- 
ber plate reader checks out each passing 
number via a landline to the Police National 
Computer. 

In fact, the camera itself is conventional, 
save sensitivity in the infra-red region for 
night viewing. Its focus setting is guaran- 
teed by using a sensor buried in the road, 


MICROCONTROLLER VIDEO 


SAT Electronics have developed a video 
RAM card for use with the PE Microcon- 
troller which is the first of a series of expan- 
sion boards. 

The video card is a full memory mapped 
display interface for use with a VDU or TV. 
The memory of the interface is accessed in 
exactly the same way as the existing RAM 
within the Microcontroller and as such, can 
be used as extra memory if required, on full 
battery back-up. 

The size of the memory is 2K and it is 
arranged as a 32x16 on screen matrix. 
There are 128 characters available and 
these are ideally suited to control or text 
handling operations because of the inclu- 
sion of a graphics set. In addition, these 
characters are available in a flashing mode. 

The card itself has a 43 way edge con- 
nector and can either be plugged directly 
onto the expansion socket or fitted via a 
Mother card assembly. 

Complete documentation is provided 
together with the card, expansion socket 
and all the necessary wires and compo- 
nents, 

The price of the video RAM card is 
£49.68 including VAT and p&p. 

In addition to the video RAM card other 


which triggers the “snap shot’. Presumably 
it's because rear number plates tend to stay 
cleaner than front ones that the camera 
views receding traffic. The clever bit is that 
the signal from the camera is somehow 
electronically processed to extract the 
registration number, and sound the alarm if 
something is amiss. It is our guess that 
some sort of block scan takes place to seek 
out recognisable alphanumeric characters, 
and then convert them to their ASCII (or 
other) codes for transmission, 

According to Crime Prevention News, 
overall accuracy on the experimental 
system is about 50 per cent in all condi- 
tions, rising to 70 per cent with new cars. 
Quick visual, and other checks are said to 
keep false alarms to a minimum. Computer 
errors in the electricity bill are irritating 
enough, so let's hope so. 

Despite a projected production cost of 
£60,000 a number of police forces are 
keenly interested in the trials. 


cards which will be available soon include a 
Mother board assembly, multi-channel 
AtoD and DtoA convertors, real time, day, 
date card, counter timer, full ASC11 
keyboard controller, RAM cards (various 
sizes) and a sound generator card. For 
further details contact SAT Electronics 235 
Cross Street, Sale, Cheshire (061 905 
1040). 


INNOVATION 
WORKSHOP 


Ever had an idea for an electronic device, but 
lacked the funds to try it out? Ever wondered 
how many other seeds of ingenuity remain un- 
germinated elsewhere? Residents of the North 
East need not allow their potential contribu- 
tions to science remain on ice. Newcastle's 
Microelectronics Applications Research In- 
stitute (MARLJ) is prepared to help them thaw 
out their frozen dreams at its Microelectronics 
Innovation Workshop. Based at MARI’s own 
premises, the workshop is a bid to attract local 
inventors and entrepreneurs with new applica- 
tions for microelectronics, and, hopefully, to 
spark off fresh companies. The scheme is 
funded by Tyne and Wear County Council 
and the DoE under the Urban Programme. 

Individuals using the workshop receive 
supervision and assistance during the early 
stages of their development work. They are 
able to experiment and test their ideas using 
equipment and facilities which would 
otherwise be beyond their means; and they 
may also attract customers and backers. 

The workshop was opened in December last 
year, and many projects are already growing 
within it which include an assembly system for 
technical dentistry, and a reading aid for the 
blind. 

The Innovation Workshop appears to be a 
very good idea, and it would not be a bad 
thing if they were to spring up elsewhere. 


MARKING BLUES 


For those of us who have trouble marking out 
front panels and cutting out same without 
damage, there is now an easier and far less 
hazardous alternative. Namely—'Sticky Tem- 
plates’. These self-adhesive clear film tem- 
plates are simply stuck onto the panel in the 
required position. Each one has horizontal 
and vertical centre lines which makes lining 
up multi-connector arrays easy. When the 
area is worked the film also protects the panel. 
From Futronics Technology (UK) Ltd., I5 
North Avenue, London, WI3 8AP (01-991 
0070). 
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~ The Amazing 
Mr. CUBOT 


Some say that Rubik’s Cube is now passé, 
but not Cubot. Cubot is a portable robot 
weighing about 70 pounds, that can solve 
Rubik’s Cube and, like a_ ventriloquist’s 
dummy, retire to a standard size suitcase, 
Cubot may not be humanoid, but it can 
nevertheless clasp a randomised Cube in its 
gripper, view it knowlingly, and then proceed 
to unscramble it. 

Enginners of the Battelle Memorial Institute 
designed and built Cubot as a fun, off hours 
effort. Battelle spokesman, Dr. Michael Lind 
said that this robot is intended to demonstrate 
the Institute’s unique capabilities in the in- 
tegration of differing technologies. Cubot 
combines electro-optics, microprocessing, and 
mechanics, and was created by a volunteer 
force of twenty scientists and engineers of the 
Pacific Northwest Laboratories, Engineering 
Physics department. 

Cubot has an eye that is sensitive to the 
Cube's six colours, and which is used to 
recognise patterns as it surveys the Cube’s six 
faces. Information is absorbed by the robot's 
first microcomputer. Here, an algorithm 
generates the series of instructions for a 
second microcomputer which controls the 
minipulator. With a clunk and a whirr Cubot 
can unscramble the Cube in less than four 
minutes. Not as fast as some human beings, 
true, but Cubot’s designers are confident that 
they can hone their prodigy’s performance 
down to two minutes. 

Rubik’s Cube has a staggering number of 
combinations (4-3 x 10"). To put its ability to 
beguile firmly into perspective, it has been 
calculated that if a person had started 
generating legitimate combinations at a rate of 
one a second, upon the creation of the un- 
iverse, by today only one per cent of all possi- 
ble combinations would be completed. 

Cubot is not the first robot to solve this in- 
tricate puzzle, but as far as is known, it is the 
first robot to physically unscramble the cube 
without human intervention. 
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| ZX SPECTRUM ADD-ONS 


Two new ‘add on’ accessories for the ZX 
Spectrum are the DCP Interspec and the 
DCP Speech pack. These products are 
direct descendants of the successful 
ZX81 peripherals produced by DCP 
Microdevelopments (David C. Palmer). 
Interspec provides many electrical inter- 
faces including an 8 channel A to D con- 
verter for joysticks or temperature sens- 
ing, 4 relay outputs for high current con- 
trol, 4 switch inputs buffered for direct 
connection to contacts and an 8 bit I/O 
port for the users own digital design ap- 
plications, Featured on the rear of the 
unit is the DCP BUS; an expansion 
system using a 15 way connector direc- 
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tly controlling up to 4 more accessories, 
this is expandable to 255 more devices 
with the addition of a few discrete com- 
ponents. Second is the Speech Pack: 
this is the Spectrum version of its ZX81 
namesake, it features a built in speaker, 
expandable vocabulary, volume control 
and ZX connector for other accessories. 
This pack is controlled by simple OUT 
commands followed by the number of 
the selected word. Interspec costs 
£39-95 and the Speech Pack £49.95 inc 
VAT and p&p. Available from, DCP 
Microdevelopments Ltd, 2 Station Close, 
Lingwood, Norwich NR13 4AX. (0603) 
712482). 


Silicon News Corner 


Bulletins covering new semiconductor devices 
arrive at PE almost daily, and it is possible 
only to describe them briefly. Details of how 
to obtain further information are included, 
however. 

Motorola: A T0220 packaged 15A thyristor, 
one of a series designed for high speed inver- 
tors and switching. The MCR2150/A has a 
maximum turn-off time guaranteed at 4s! 

A TMOS SCR, the MCR 1000 offers the in- 

put impedance of a power MOSFET with the 
latching action of a thyristor. It is rated at 
600V, ISA, with turn on and off times of 
200ns and 6us respectively. Ask for engineer- 
ing bulletin EB103 from Motorola Semicon- 
ductor products Dvn., York House, Empire 
Way, Wembley, Middlesex. 
National Semiconductor: The DP8409—2 
multimode DRAM Controller/Driver is a one- 
chip approach to dynamic memory design. It 
is capable of driving up to 88 DRAMs! 

National’s new Nitride Plus passivation 
technique goes into their LP165/LP365 series 
simultaneously programmable quad com- 
parator. This highly flexible device dissipates 
only 102W/comparator, and its outputs are 
compatible with DTL, TTL, CMOS and 
MOS. National Semiconductor, 301 Harpur 
Centre, Horne Lane, Bedford. 

Burr-Brown: Low noise, instrumentation 
grade op. amps, OPA27 and OPA37 with 
gains of 1-8kV/mV (125dB), and c.m.r. ratio 
of 126dB. Power consumption is 3mA. They 


differ only in frequency compensation. Burr- 
Brown, Cassiobury House, Station Rd., Wat- 
ford, Herts. 
RCA: A 741 pin compatible op. amp, the 
CA3420 series combines PMOS and bipolar 
technology to tolerate supplies down to 2V, 
and common mode input voltages down to 
0-45V below negative rail. RCA, Lincoln 
Way, Windmill Rd., Sunbury-on-Thames, 
Middlesex. 
Altek: A 2K byte CMOS RAM of ultra low 
power data retention. The MS5MS5I18P will 
standby at 10uA with the supply reduced 
from 5V to 3V. Access time is less than 200ns, 
A new did. active delay line, the Lexor 
84300 series is TTL compatible. Delay is from 
25 to 500ns, with tapped outputs, and fan-out 
is 10 TTL loads per tap. Altek Microcom- 
puters, 22 Market Place, Wokingham, Berks. 
Intersil: A low power A/D converter featuring 
34 digits, auto-zero, auto-polarity, differential 
input, single differential reference, and direct 
drive to l.c.d. or Le.d. The big step forward in 
the ICL 7136 is overrange recovery, faster 
conversion speed (3 per sec.), yet with only 
100uA power consumption (2000 hr. battery 
life). Input noise can be reduced below 
predecessors by use of a larger auto-zero 
capacitor without side effects. This is a pin- 
for-pin upgrade from the ICL 7216 without 
circuit changes. Intersil Datel (UK) Ltd., 
Belgrave House, Basing View, Basingstoke, 
Hants. 
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~ SHARP’S 


The PC-1251 from Sharp Electronics is a 
wallet size computer featuring extended 
BASIC, 24K bytes of ROM and 4-2K bytes of 
RAM including 3.7K bytes of user area. 

Frequently used commands, statements or 
mathematical functions can be user defined 
using any of the 18 reservable keys. 

Battery backup protects the contents of the 
memory in the RAM when the power is off. 
With this feature, you can turn off the unit in 
the middle of a program, or load several 
programs and, without the need for rewriting 
or reloading, have full use of them later. 

The display is a 24-digit 5x7 dot matrix 
the brightness of which can be varied. Other 
features include auto power-off to prevent bat- 
tery drain and a 10 digit calculation feature. 

Also available for use with the PC-1251 is 
the CE-125 which is an integrated printer and 
microcassetie recorder. The PC-1251 has 
been designed to fit into the CE-125, 

The 24-digit thermal printer can type at 
approximately 0-8 lines/second. 

A wide range of software is also available 


The prospect of a three-dimensional chess 
game shimmering at the centre of a com- 
puterised 3-D display has more appeal than 
imminence. Yet developments are taking 
place, and these utilise contraptions rang- 
ing from contorting mirrors to whirling 
corkscrews. Surprisingly, holography is not 
a front runner in the race for the ‘3DU’. 
Whilst the technical problems associated 
with the production of three-dimensional 
graphics may not be as simple as X Y Z, a 
recent development has made possible a 
true volumetric image within a glass cylin- 
der. 

The system uses an upright helix revolv- 
ing at 30 times a second, acting as a target 
for @ computer controlled, low power 
helium neon laser. By modulating and 
deflecting the beam under microelectronic 
control, it is possible to generate flecks and 
lines of light on the rotor. Rapid rotation of 
the helix target makes it virtually invisible, 
thus creating the illusion of light lines in 
space. The shape of the rotor is such that 
sooner or later, any point within the display 
volume will have a solid surface passing 
through it, upon which the laser beam may 
be struck. The computer takes care of the 
crucial timing. 

The experimental system, developed by 
an IBM scientist and a team at Heidelburg 
University in West Germany, is only 
capable of delineating framework outlines. 
Because of its 360 deg. viewing angle, a 
feature which in itself has illuded engineers 


Walk Around 3-D 


PC-1251 


for use with the PC-1251 including the 
already proven software of the PC-1211. 

The complete system including the prin- 
ter/cassette module has overall dimensions of 
205 x 149x23mm and weighs just 1.2lbs. The 
price of the PC-125] is £79-95 and the CE- 
125 is priced at £99-95 (prices include VAT 
and p&p). With each unit Microl will be giving 
away a free £10-00 software voucher. 

Microl, Dept PE, 38 Burleigh St. Cam- 
bridge (0223 312453). 


until now, it is not practical to suppress out 
of view contours. This is because the obser- 
ver's viewpoint is not always known, and 
means that solids can be represented, but 
not viewed as opaque. A full colour, real 
time, interactive display is claimed to be 
feasible, which can be as compact as five 
centimetres, or as large as five metres in 
diameter. 

Among the suggested applications is an 
air traffic control display set above a map of 
the area, 
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Briefly... 


Two new miniature loudspeakers now 
available from Mullard, are claimed to be 
the thinnest ever offered. Both are only 
5mm in depth, the smallest (type 
ADO1980) has a 34mm (diameter) cone 
whilst the slightly larger (type ADO1985) 
has a 38mm cone. 

Even though only button-sized, the 
loudspeakers can handle 0-3W r.m.s. and 
have a 400 to 3000Hz frequency range. 
Each is offered with impedances of 8, 
15Q or 25. 

Construction is rugged, both 
mechanically and environmentally. The 
frame is a tough plastic pressing. The cone 
is also plastic. A high permeability 
samarium cobalt magnet enables high ef- 
ficiency to be achieved within an ultra-slim 
format, 


Digital television signals to the recently ap- 
proved CCIR Standard have for the first time 
been successfully transmitted by optical fibre 
link between two television studio centres. The 
experimental transmission, which took place 
in December 1982, used equipment developed 
and built by BBC Research Department at 
Kingswood Warren. 

The optical fibre cable contains eight 
graded-index multimode fibres, and was in- 
stalled by British Telecom in the existing ducts 
between the BBC studios at Lime Grove and 
Television Centre, a path length of about 800 
metres. The signals were carried on a single 
fibre, the basic bit rate of 216 Mbit/s being in- 
creased to 270 MBit/s by channel coding. A 
direct modulated 820 nm laser transmitter was 
used, the power launched into the fibre being 
600uW. 

As the television signal was carried in 
separate component form, pictures of original 
RGB quality were obtained at the receiving 
terminal. This avoidance of intermediate PAL 
coding will allow remote down-stream 
processing, e.g. colour separation overlay and 
special effects, to be done with a precision 
which has hitherto only been achieved at the 
source itself. 


Mitsubishi Electric Corporation Plan to 
manufacture VTRs in it's UK Factory for 
sales in the European market. 

The initial production of 5,000 units per 
month wilf be made at the Haddington 
Works of Mitsubishi UK which currently 
produces cojour TVs. 

The company envisages a full scale 
production of 10,000 units per month with 
parts for the VTRs being supplied from 
Japan at first but it is hoped that as many 
parts as possible will be supplied from the 
EC market. 
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ORIC1 


Late in January Oric Products Inter- 
national officially launched the Oric 1 
microcomputer from their HQ at 
Coworth House, Ascot. This mansion set 
in landscaped woodland seems an un- 
likely nest from which to fledge such a 
futuristic bird. Oric 1 presently available 
with a 16K or 48K memory is their answer 
to Sinclairs apparent monopoly of the 
home and small business users market, 
and at £99-95 and £169 respectively 
they are very competitive. Although Oric 
1 has been available for some months 
now on a mail order basis the company 


plan to phase out this method in favour 
of the high street retailer. Indeed orders 
already received have outstripped their 
predicted sales figures five times over, 
first year sales are now expected to 
reach a quarter of a million units. An im- 
portant feature of this 57 key machine is 
its ergonomic similarity to the typewriter 
keyboard, offering such luxuries as tac- 
tile feedback and auto repeat keys. The 
two inch loudspeaker has an impressive 
range covering six octaves, and can be 
programmed to synthesise various 
musical instruments. Other technical 
details include—28x40 character high 
resolution graphics and Teletext/View- 
data compatability. With an extended 
BASIC this machine uses the 6502A 
microprocessor chip, and comes with a 
comprehensive manual and a FORTH 
cassette. 


AND FINALLY... 


Until recently, a family of biproducts of 
the petrochemical industry, called Tetraprils 
were quite useless. Now, thanks to the 
research work of Botch Laboratories of 
Drudgely, the lowest density member of 
this family of synthetic proteins has a future 
in the electronics and electrical industry. 
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Scientists at Botch have discovered that ex- 
truded fibres of Tetraprif 1 display a 
phenomenon called electrostriction. The 
electrostrictive effect is the physical distor- 
tion of a materia! whilst conducting elec- 
tricity, and is usually only a fraction of a per 
cent variation in overall volume, Yet, while 
looking and feeling much the same as a 
piece of common elastic band, a Tetrapril 
fibre will contract by up to 250 per cent 
when conducting small currents, 

Conversion from electrical power dis- 
sipation to mechanical force is 85 per cent 
efficient, so that a lightweight elec- 
tromechanical actuator can be constructed 
which develops amazing leverage from one 
watt of power consumption. It is only 
necessary to anchor a fibre to the 
mechanism chassis at one end, attach its 
other end to a lever, and pass current 
through it, and you have an actuator. The 
fibre can either work against a spring, or in 
antiphase against another fibre. To prove 
the point, Botch has built a radio con- 
trolled aircraft using Tetrapril fibres 
throughout, as its servo’'s. 

How did Botch discover such a peculiar 
characteristic in a material which for years 
has been thought of, literally as rubbish? 
Research Director, Tom Foolery said that 
the name of the biproduct itself provides 
the clue!!! 


Biotech May 4—6. Wembley. O 
Micro City May 10—12, Bristol Exhibition Complex. F3 
The Business Computer Show May 10-12. Wembley. O 


(OLIGO... 


Please check dates before setting out, as we cannot guarantee the ac- 
curacy of the information presented below. Note: some exhibitions may 
be trade only. If you are organising any electrical/electronics, radio or 
scientific event, big or small, we shall be glad to include it here. Address 
details to Mike Abboit. 


Brighton Electronics March, T 

BEX Leeds Mar. 16-17. Dragonara Hotel. K 

INSPEX Mar. 21—25. National Exhibition Cntr. Birmingham Inter- 
national. ZI 

Sensors & Systems Mar. 22-24. The Forum, Wythenshawe. T 

Compec Wales Mar. 22—24. Cardiff University. Z1 

ETM (Electronic Test/Measurement) Mar. 22-24. The Forum, 
Wythenshawe, Manchester. T 

Laboratory Manchester Mar. 23-24. New Century Hall, Corporation 
St. E 

American Holography Mar.—June inc. Light Fantastic Gallery, Covent 
Garden, London. A8& 

London Computer Fair April 14—16. Central Hall, Westminster. BS 

All Electronics Show April 19-21, Barbican Cntr., London. E 

Fibre Optics April 19-21. Porter Tun Rooms, The Brewery (!), 
Chiswell St.. London EC1.E 

International Materials Handling April 19-26. Earls Court. I 
International Packaging Exhibition April 25-29. NEC B/ham. I 
HEVAC (Heating, Ventilation & Air Cond.) Apr. 26-28. Barbican. I 
Scottish Personal Computer World Show April 16-18. MacRobert 
Pavilion, Ingliston, Edinburgh M 

Midland Computer Fair April 28-30, Bingley Hall, B/ham. Z1 
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Cable (Conf. & Ex.) May 10-12. Wembley Conf. Centr., London, O 
Defence Components Expo May 10-12. Metropole, Brighton. I 

Welsh Amateur Radio, TV & Electronics Rally May 22. Barry 
Memorial Hall, S$. Glam. C 

Computers In The City (conf. & ex.) May 24-26. Barbican, O 
Business Telecom May 24—26. Barbican. O 

International Word Processing May 24-27. Wembley Conf. Cntr. Z 
East Suffolk Wireless Revival May 29. Ipswich Civil Service 
Sportsground. V1 

Russian Holography June—Sept. Inc. Light Fantastic Gallery. A8 
Semlab June. Olympia. I 

IBM Productivity (conf. & small ex.) June 14-16. Tara Hotel, London. 
o 

The Computer Fair June 16-19. Earls Court Z1 

Compec North June 21—23. Belle Vue, Manchester. ZI 
Transducer/Tempcon June 28-30. Wembley Conf. Cntr. T 

Leeds Electronics Show July 5—7. University. E 


A8 —_ Holographic Exhibitions ¢ 01-826 6423 
BS Robin Bradbeer, North London Poly 
Reg. Rowles ¢ Cardiff 565656 

Evan Steadman ¢ 0799 22612 
Tomorrow’s World Exhibitions, Bristol 
Industrial Trade Fairs ¢ 021 705 6707 
Douglas Temple Studios ¢ 0202 20533 
Montbuild Exhibitions ¢ 01-486 1951 
Online ¢ 09274 28211 

Trident ¢ 0822 4671 

BETA Exhibitions ¢ 01-405 6233 

IPC Exhibitions ¢ 01-643 8040 


ZA IMO 
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|BATTERY 


TESTER. 


he recent years the dry battery has become much less used 
due to the ready availability of mains derived supplies, and, 
more recently the increased price competitiveness of Nickel 
Cadmium rechargeable cells. Even so much portable equip- 
ment still relies on batteries which bring with them the need 
for replacement at regular intervals, and more importantly 
the problem of when to do this. In theory it is very easy to 
test a battery by measuring its output voltage but this can be 
very misleading since a battery can often give an almost new 
voltage reading if no current is drawn from it as happens 
with a standard voltmeter. Some form of dummy ioad is ob- 
viously required and by the time that this and the meter have 
been organised it is often simpler to ignore the problem until 
the batteries go totally flat, probably leaking as they do so. 

This article describes a fairly simple and cheap battery 
tester which loads the battery to 15 milliamps and indicates 
the output voltage state on three light emitting diodes. The 
circuit was designed for use with standard 1-5 volts/cell bat- 
teries and accordingly will test for the following voltages: 
1-5, 3, 4:5, 6, 9 and 12. There is no reason why other 
voltages cannot be chosen, and the unit may be converted to 
test NiCads by simply altering a few resistors. The tester has 
no on/off switch and switches itself on when a voltage 
greater than 700 millivolts is applied to the test terminals. 
The current drain when not in use is well below a microamp 
and so will not discharge the PP3 battery specified any 
faster than the normal storage charge loss. Obviously this 
implies that an absolutely flat battery will not switch the 
tester on and this may be taken as a very positive indication 
of the state of the battery under test. 

The circuit can be split into three very distinct sections 
which are the power switch, the dummy load and the 
voltage detector/display. Each section will be considered 
separately. Fig. 1 shows the complete circuit diagram. 


POWER SWITCH 

The purpose of the power switch is to turn off the supply to 
the main circuit when the unit is not testing a battery. As 
soon as a battery with a terminal voltage greater than 700 


millivolts is applied to the probe TR1 switches on and thus 
TR2 also switches hard on allowing the battery current to 
flow into the rest of the circuit. C1 and C2 provides the main 
supply decoupling. When TR1 turns off R2 and R3 pull the 
emitter and base of TR2 very close together so that TR2 is 
firmly held in a non conducting case with very minute 
current flow into the main circuit. The measured consump- 
tion was considerably less than a microamp. Diode D1 was 
included to help prevent possible damage if the test battery 
is connected back to front because although the base- 
emitter junction of the transistor TR1 will work in this way 
damage might occur if a 6 volt or larger battery is wrongly 
connected. 

A self test button was included which simply connects the 
internal battery supply to the test probe input. The voltage 
selector should be set to 9 volts for any useful conclusions to 
be drawn from this. 


DUMMY LOAD 

This type of test equipment usually uses a bank of high wat- 
tage resistors to act as the dummy load with the resistor 
values chosen such that the desired current is drawn for 
each applied voltage. The main disadvantages of this 
method are that the resistors are quite bulky and further- 
more, should the source voltage fali the current drawn will 
also fall. In order to avoid these problems a constant current 
sinking circuit was employed, which will draw 15 milliamps 
from the source irrespective of the source voltage and so no 
load switching is required. 

A purpose designed integrated circuit, the LM334Z, was 
used to drive the dummy load sink circuit. In its natural form 
the LM334Z can only pass a maximum of 10 milliamps and 
so an external pass transistor (TR3) was used to increase the 
current handling to the desired 15 milliamps. The LM334Z 
works by sensing the voltage across R5 which it attempts to 
maintain at 67-7 millivolts (at 25°C). As the voltage rises 
across R5 the LM334Z passes less current and thus the 
base current into TR3 falls, reducing the overall current flow 
and hence the voltage across R5. In the same way as the 
voltage across R65 falls so the current flow through TR3 is in- 
creased. Since this configuration is essentially a very high 
gain feedback system C4 and R4 were included to prevent 
oscillation starting by slightly damping the feedback 
control. If a full 12 volt battery is tested, TR3 
will dissipate 180 milliwatts and so a small heatsink is 
recommended. 

The LM334Z is heat sensitive and as the temperature in- 
creases so does any given current flow in exact proportion. 
The exact figure for this rise is 0-33% per °C and implies 
that if the temperature rises by 10% the load circuit will 
draw about 0-5 milliamps more but this is of no real conse- 
quence in this application. 


THE VOLTAGE DETECTOR/DISPLAY 

It was decided that a three state output of ‘good’, ‘poor’ and 
‘flat’ would be sufficient. Three |.e.d.s were used, two driven 
directly from the outputs of a voltage comparator, the other 
from a couple of transistors to make it light when neither of 
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Fig. 1. Circuit of Tester 


the other two are on. The basic circuit uses a dual low power 
open collector comparator in the form of an LM393 which is 
a cut down version of the well known LM339. 

In the design of a circuit such as this where various input 
voltages are to be compared against a known reference 
value the reference may be varied and compared with a fixed, 
reference. The latter approach offers far less problems and 
was adopted here, where two fixed reference voltages of 
1-37 and 1-1 volts were chosen to correspond to a 1-5 volt 
cell somewhat discharged and totally useless. These 
voltages were derived from a 5-6 voit Zener diode chosen as 
being the most stable value available. R17 allows some 6 
milliamps to flow through the Zener, the voltage thus 
generated being decoupled by C6. R18, 19 and 20 form a 
simple divider chain to produce the required voltages which 
are fed directly to the two comparators. The probe voltage is 
passed to S2 which selects the required potential divider to 
drop the desired test voltage down to 1:5 volts. These 
dividers are not perfectly accurate but are quite good enough 
for this application. This method has the advantage that the 
tolerance allowed on each type of battery increases as 
the battery voltage increases which is ideal. Table 1 shows 
the intended threshold levels for each battery. Obviously the 
1-5 volt test input is a simple direct connection. The voltage 
from the common point of the divider is fed to the com- 
parators via R16, which together with D2 gives protection 
against wrongly connected batteries. C5 simply decreases 
the impedance seen by the comparators and helps prevent 
oscillation at the threshold points. 

Consider the case where the battery is fully charged up to 
its rated voltage which is set on the selector switch. The 
voltage at pin 6 of the comparator will be 1-5 volts which is 
higher than the 1:37 reference and so the output of that 
comparator will be driven low which will turn on the green 
l.e.d, Similarly if the battery under test is nearly flat the 
voltage on pin 3 of the comparator will be lower than the 
reference on pin 2 and since the inputs to the comparators 
are swapped this condition will drive the comparator output 
low light the red |.e.d. The extra series resistor R21 simply 
evens up the brightness of the red l.e.d. in comparison with 
the other two. Both the green and red |.e.d, use the same 
current limit resistor R22. 

When the battery is in the state termed ‘poor’ the voltage 
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applied to the comparators will be between 1-1 and 1-37 
volts and so neither the green or the red |.e.d. will light and 
so no voltage will be dropped across R22. This means that 
TR4 will turn off so that its collector voltage will fall by virtue 
of R24 with the effect that TR5 switches on lighting the 
yellow l.e.d. It can thus be seen that one of the |.¢.d.s will be 
on the whole time the tester is switched on. 

As stated before the prototype was powered from a PP3, 
When the unit is in use the current drain of 16 milliamps is 
larger than that recommended for the PP3 but the actual on 
time should be so small as to not make this a cause for con- 
cern. 


CONSTRUCTION 

The prototype was housed in a plastic box 120 x 40 x 
65mm. The test probe connections were brought out to two 
4mm terminals allowing standard meter prods to be used 
since the wide variety of available batteries renders the 
mechanical design of a universal test clip very difficult. The 
rotary switch was mounted directly onto the printed circuit 
board and was used to hold the board into the box. It is 
therefore suggested that the circuit board design shown is 
used rather than Veroboard (Fig. 5). 

Assemble the circuit board first but do not fit the BC461 
(TR3) at this stage. When fitting the switch cut off the nor- 
mal! connection loops on the terminals and offer the switch 
up to the p.c.b. Solder in only two of the pins and check that 
itis mounted level with the board before soldering the rest of 
the pins. Solder in the l.e.d.s so that they stand some 11mm 
away from the board. It is as well to test the board fully 
before final assembly. 

Mark the lid of the box as shown (Fig. 2). The easiest way 
of marking the voltages on is to mark the centre of the 
switch and then lightly draw a 27mm diameter circle around 


Table 1: Calculated threshold levels (Volts) 
Battery Voltage 


1-5 3-0 45 60 90 12 
1:1 2:2 3-32 4-44 6-62 8-8 
1-37 2-74 4.14 5-5 8-25 10-96 


Flat Threshold 
Poor Threshold 


In actual practice these values will not be attained due to 
resistor tolerances. Obviously 1% resistors may be used but 
but this was not considered essential. 
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Fig. 2. Details of panel drilling and legending 


this point in pencil. Draw arcs on the circle with a pair of 
compasses set to 6-5mm to correspond to each switch posi- 
tion and mark each intersection with the compass point. Rub 
out the pencil lines, drill and mark up the lid with Letraset. 
Mark up a battery clip out of light gauge aluminium as 
detailed in Fig. 3, bending it on the dotted lines to form a U. + TL ESROTTT ELSE eOOeT st 
Adjust the stop position of the rotary switch to the sixth CV os og 9 AOR 16 volt alect.tor 26: 
position and assemble the board onto the box lid. A large BOS 0:01) ceramic dise © 
washer will probably be required to space the shaft slightly. 22 63 voltelect 
Fit the sockets into the box, together with the test switch 5 OG Myligrs G2BE | 5 8 
and wire to the board. Briefly test the unit again before ‘ : 


fitting the lid onto the box, eres 1N4148 Ta4eett 
< §-6 volt 400mW Zener. « 
Fig. 3. Battery clip 2 DE Green le.d. Ls 
: Red:!:e.d. 
-- Yellow 1.6.4, 
. . & ZTK650 
- : ZTX550 
ot : 8c461 
<4 LM334Z 
LM393 
BENO AT DOTTED LINE E: : -_ Z 
a | tt Plastic: Box 120. 40° % 65, press to make switch, 
- 42>pole single way switch (Lorlin type)'p.c.b., small TOB. 
Keatsink clip,.PP3 battery, battery clips, red.and: black 
20 4mm_sockets; terminal pins,-connecting wire, aluminium 
{ for battery:clip; suitable. knob, test prods, 
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Fig. 4. Printed circuit layout Fig. 5. Component overlay 
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TESTING 

Apply a 9 volt supply to the board via a battery and 
measure the current consumption which should be close to 
zero. Remove the ammeter and press the self test switch. 
The circuit supply should rise quickly to 9 volts and one of 
the |.e.d.s should light. If it does not appear to work measure 


milliamps with the test switch pressed; a greater current 
than this will indicate the presence of a short circuit. Wire a 
220 ohm pot between battery positive and negative with the 
wiper connected to the probe input. The voltage selector 
switch should be set to 1-5 volts. Monitor the wiper voltage 
which should be initially zero. Slowly increase this voltage 
and check that the red l.e.d. comes on at 700 millivolts, 
changes to yellow at 1-1 volts and finally changes to the 
green l|.e.d. at 1-37 volts and above. If this test does not 
work as intended the voltage reference chain is the most 
likely source of trouble. Set the switch to 3 volts and slowly ~ 
increase the voltage again checking the changeover points 
are close to those in the table. 

Now solder in the BC461, having first fitted on the heat- 
sink. Connect an ammeter across the test switch and check 
that the current flow is around 15 milliamps indicating the 
correct operation of the dummy load. Finally set the voltage 
selector to 9 volts and press the test switch whereupon the 
green |.e.d. should fight. 


IN USE 

It is important to remember that this unit is set up for 1-5 
volt ceils, and when used on other types of battery, par- 
ticularly NiCads, erroneous results will be noticed. For NiCad 
batteries the tester may be modified by slightly altering the 
resistors in the divider chain, making the ‘poor’ range much 
narrower and reducing the base voltage used to 1-2 volts in- 
stead of 1-5 volts, Obviously other battery voltages can be 
tested by simply working out the resistor values in the 
potential divider e.g. a 15 volt battery would require dividing 
by 10 to 1-5 volts and so a 100 kilohm- divider resistor 


the current consumption which should be less than 20 


should be used. 
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ATARI games system, plus eleven cartridges, in- 
cluding: adventure, invaders, soccer, chess. 
Worth over £300, only £180. Mr. M. Ward, 9 St. 
Andrews Ave., Crewe, Cheshire CW2 6JJ. 

VIC 20, cassette deck, 4K RAM Pack (VCR), 
Joystick plus many cassettes, manuals, £165. A. 
Minett, 195 Thornhill Rd., Surbiton, Surrey KT6 
7TG. Tel: 01-397 2567. 

WANTED Manual or circuits for Nagard OS321 
dual beam scope; will pay for copying or 
originals. A, C, Walkland, 11 Ivy Rd., St. Denys, 
Southampton. 

PROGRAMMING Introductory course wanted 
for free weekend. Details to R. Peace, 24 Mow- 
bray Road, Northallerton. 

HEATH kit GR78 receiver, £40. Heath kit scope 
10-102, £50. Pye Cambridge R/T, £25. Carr. ex- 
tra, Edwards, 2 Beach Rd., Burton Bradstock, 
Bridport, Dorset DT6 RAF. Tel: 0308 897625. 
BBC Microcomputer Model 'B'. £100+ worth of 
software and two books. Cost new £525. Accept 
£325. Mr. M. Clark, Jardinet, Oakland Park, 
Falmouth, Cornwall. 

TANDY Quick Printer 2, recently overhauled by 
Tandy, + 3 rolls of paper, £75, including postage. 
lan Benton, The Pharmacy, Bardney, Lincoln LN3 
5SS. Phone: Bardney (0526) 398208. 

UK101 8K RAM, sound board, all cased with 
manual. Bargain price of £130, o.n.o. the lot. Mr. 
|. Rhule, 59 Stanbury Rd., Peckham, London 
SE15. Tel; 01-639 8433. 

UK101 Enhanced 8K cased plus software. 
1/2MHz. 300, 600, 4000, Baud. Tape handler, 
ROM. £150 o.no. D. Lund, 25 Hillcrest Ave., 
Longridge, Nr. Preston, Lancs. Tel: (077 478) 
4517, ’ 
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BINATONE 5-star 40 channel mobile 27MHz 
CB transceiver. 4 watts. New. Japan made. 
£50-00. K. Y. Chang, 041 332 7695, after 7 
p.m. K. Y. Chang, 70 1-up Ashley St., Glasgow 
G3 6HW. 

FOR Compukit—RAM/EPROM board + 4K 
RAM, £30; toolkit, £5: BASIC 5, £10; Mother- 
board, £5. Mr. N. Odell, 31 Humphrey Rd., 
Greenhill, Sheffield S8 7SE. Tel: (0742) 745027. 
PRINTER and keyboard on pedestal (Terminet) 
80 col U/L case 30 CPS RS232. Ex. condition, 
£100. Tel: (evenings) 0744 88 3918. 

ZX Spectrum 16K, £75, new. L.C.D. Multimeter, 
£28; clearing out equipment and projects, s.a.e. 
No callers. D. Martin, 6 Downland Gardens, Tat- 
tenham Corner, Epsom, Surrey. 
TELEQUIPMENT Oscilloscope type 043 
B/Beam, has anyone any workshop or service in- 
formation, Circuit etc. for sale? John Mitchell, 8 
Rutland St., Gorton, Manchester M18 8QH. Tel: 
061-231 6522. ; : 
ADVANCE type H1 a.f. signal génerator 
15Hz-50kHz Sine/square perfect £35 o.n.o. 
Newnes Radio/TV service manuals 1949-1961 
£20 o.n.o. E. G. Jones, 16 Riverway, Nailsea, 
Avon BS19 1HZ. Tel: 0272 853747. 

ACORN Atom 12K RAM 12K ROM all leads 
p.s.u. and manual included hardly used £140, 
Dave Houghton, 2 Western Villas, Church Road, 
Kennington, Ashford, Kent TN24 90G. Tel: 0233 
23077. 

ACORN Atom 12K RAM, 12K ROM + > £50 
worth software and p.s.u. £150 (can deliver 
anywhere). Tel: 061 681 2875. 

ATARI games computer CX2600 with five car- 
tridges including space invaders and Basic 
programming with keyboards £100. Mr. L. Allen, 
14 Frampton Close, Bournville, Birmingham B30 
10T. 

KEYBOARD with oscillator and dividers, filters 
and rhythm board for organ £15. Tel: 01-644 
3474 evenings. Mr. J. Pettifer, 261 Gander 
Green Lane, Sutton, Surrey. 


HAVE two AVO 8 want Rockwell Aim 65 or 
consider other 6502 based Micro working 
broken, Mr. N. Campbell. Tel: Marshalls Cross 
820093 St. Helens. 

MICROLINE 82 printer has anyone any infor- 
mation on this printer for sale or loan? Please 
phone. Mike Cole, 24 Murray Close, Andover, 
Hants SP10 2HL. Tel: 0264 3983. 

ORGAN Grosvenor Spinet, two manuals, 
pedals, rhythm unit, playable, needs slight atten- 
tion £150. Buyer collects. Tel: Ashford (Mid- 
diesex) 58878. 

FOR SALE Transtec 1200 Video monitor, IR 
£140. Ideal for use with microcomputer. Mr. P. 
Carroll, Killagoola, Moycullen, Co. Galway, Eire. 
Tel: 091 85191. 

WINDSOR mode! 30A oscilloscope circuit 
wanted, J. D. Weager, ‘Glan-y-Mynydd’ Pen- 
trepiod, Abertillery, Gwent NP3 2DT. Tel: 0495 
214843. 

SOLARTRON dual beam oscilloscope type 
CD1400 15MHz spare plug-in modules full 
working order £70. G. R. Bird, 56, Albatross 
Gdns, S, Croydon, Surrey. Tel: 01-651 5104. 
LEAK Garrard Wharfedale Hi-Fi Throughline 
tuner. Varislope 111 pre-amp. Power amplifier, 
Margoline player. Speakers. Data. Working. Of- 
fers. G. D. Patterson, 5 Oakwood Road, 
Henleaze, Bristol BS9 4NP. Tel: Bristol 624769. 
C.P.U. board E.C.M. 6809 Links fitted i.c. 
holders some components SIL £13. Other com- 
ponents s.a.e. list. G. A. Noble, 50 Crofthill Road, 
Slough, Berks SL2 1HF. 

VIC 20, 5K, cassette, literature, software and 
portable colour TV (Hitachi). All new £330 o.n.0. 
F. Gareeboo, Hulme Hall, Oxford Place, Victoria 
Park, Manchester M14 5RR. 

KEYBOARD for electric organ, 49 notes with 
contacts £20, Maplin DMO2 £5. Both unused. 
Tel; 041 632 5408, 

FD200 SME Fluid Damper, unopened £10. Pair 
monitor audio Lintz sound cable (7-5m), un- 
opened £10. Tel: 07605 402. 
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inscrutable 


China has nearly one quarter of the 
world's population and is the largest single 
market as yet untapped by Western 
technology. The inscrutable oriental of 
legend is becoming less so but only very 
gradually, almost reluctantly. The door to 
large scale international trade is only slowly 
opening but with it could come a much bet- 
ter appreciation of what China is about. 

Apart from the enormous population, 
other statistics on China are monumental. 
Her total borderline if we include the 
coastline extends to 22,000 miles of which 
her border with the Soviet Union accounts 
for 4,300 miles. China’s main preoccupa- 
tion in recent years has been fear of Soviet 
intentions, reciprocated by the Soviets. 
Earlier friendly relations evaporated in 
1966 when Chairman Mao instigated the 
Cultural Revolution to maintain the purity of 
the communist ideal which not only rejec- 
ted the ideology of capitalism but also 
Soviet communism which, in Mao's view, 
had become ‘revisionist’. 

The distrust between the two communist 
giants resulted in another staggering 
Statistic, the largest standing army in the 
world with 4-75 million under arms, The 
land force consists of 169 divisions in 35 
armies. Eleven armoured divisions have 
10,000 tanks. At sea there are 32 
destroyers and frigates, 102 submarines 
and about 1,000 smaller naval craft. The air 
arm has 5,000 combat aircraft. And China’s 
nuclear arsenal now includes 5,000 mile 
range ICBMs with 3-megaton warheads. 

The trouble is that, formidable as the 
Chinese strength appears to be on paper, 
most of the equipment is as much as 20 
years out of date having depended on 
Soviet technology initially and, later on, 
copies made in China. Similarly, industrial 
production suffered during the period of 
ideological re-education. The present 
leadership group appears intent on moder- 
nisation in the armed forces and in industry, 
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even though it involves the capitalist coun- 
tries. 

The Chinese trade delegation visiting 
Britain and Europe in 1980 in search of 
modern arms were fascinated by develop- 
ments like the Harrier aircraft but were 
horrified at the cost. But they could perhaps 
afford some of the sophisticated electronics 
to transform existing weapons platforms 
into efficient defence equipment. 

The first fruits of turning to Britain (at 
least so far reported) are the re-fitting of 
two Luda class destroyers, themselves 
derived from the Soviet Kotlin class. They 
are being re-equipped with Sea Dart mis- 
siles, radar, fire control systems and new 
operations rooms under a £100 million 
contract. As China has nine of this class of 
destroyer there should be the possibility of 
follow-on orders. 

Last January, Industry Minister Patrick 
Jenkin was in Peking attempting to seil 
British nuclear technology which could 
result in power station orders worth several 
hundred million. On a smaller scale Solar- 
tron’s trade with China in measuring and 
analysis equipment topped £1 million last 
year. 

There remains the riddle of Hong Kong 
and the New Territories which are due to be 
returned to China by treaty in 1997. The 
prospect of an earlier date caused conster- 
nation in Hong Kong last year but con- 
fidence was restored by rumours that while 
Hong Kong would certainly return to China 
it would have a special status. Indeed it 
should when tiny Hong Kong exports more 
goods than the whole of China and would 
therefore seem invaluable if only as a 
profitable interface with the outside world. 

The Chinese trade door may be inching 
open but also in the queue outside are the 
other European nations, the United States 
and Japan, all competing. Lurking in the 
background is the possibility of the in- 
scrutable Chinese mending fences with the 
Soviet Union in which case the West may 
have been wasting its time. 


Looking West 


As well as looking East, British maufac- 
turers are also looking West, particularly to 
the United States. Plessey, following a £34 
million purchase of Stromberg-Carlson last 
year, started the New Year with joint ven- 
tures with Scientific Atlanta on cable-TV 
and Rockwell International on military 
radio. These new associations give Plessey 
a foot-hold in the US market for telephone 
exchanges, a technology foot-hold in the 
UK for cable-TV and a US marketing foot- 
hold in the USA for selling the US Army the 
single channel radio access equipment 
used in the Ptarmigan radio system 
developed for the British army. 

Racal is also taking on board US 
technology for future Pay-TV and Cellular 
Radio projects besides having flourishing 
wholly-owned subsidiaries in the United 
States. | note with some amusement that 
when 10 members of the Italian Parliament 
recently visited the United States on a trade 
mission to examine the best electronic 
manufacturing facilities, high on the list 
was Racal-Milgo, wholly British owned. 


This company, incidentally, rated top in 
price/performance ratio, top in technology 
and in the first three on service organisation 
and trade literature by the 1982 Brand 
Preference Survey. Overall it won the 
honour of being ‘the one most preferred to 
do business with’. 

Another Racal company in the US is 
Racal-Dana Instruments. They have just in- 
vested in anew 100,000 sq.ft headquarters 
in East Irvine Industrial Park, near Los 
Angeles. 

Some companies are looking the other 
way. Philips, for example, is reported to be 
one of the firms tendering to set up a 
colour-TV factory in the Soviet Union. They 
are in competition with Japanese com- 
panies. It seems strange that the Russians 
are so patchy in performace. After all these 
years they still appear to be incapable of 
performing routine mass-production tasks 
like making motor cars without assistance 
from outside. And what happened to the 
Hungarian and Polish electronic industries? 
Surely they could provide the goods? 


Inmos 


The months and years slip away as do 
the millions in Inmos, the British semicon- 
ductor outfit. Taxpayer investment is 
already approaching £100 million if, in- 
deed, the figure hasn't already been ex- 
ceeded. And the 4,000 jobs promised will 
probably never be achieved. | have always 
been sceptical on politically motivated in- 
vestment. If a product is worthwhile then 
private capital will automatically be attrac- 
ted to it. | still wish Inmos well but | wish 
they could have done a lot better. The grant 
of a further £15 million may yet save the 
company but it now looks to be an awful 
long time before the total investment gets 
repaid, 


Telecoms 


In contrast we have the recently 
privatised Cable & Wireless. Lucky those 
who bought in at the offered price of 168p 
in October 1981. Those who held on have 
doubled their money with further growth in 
prospect. Booming profits have not only 
benefited shareholders. Swan Hunter Ship- 
builders and their workforce on the Tyne 
have won an £18 million order for a new C 
& W cable ship. It will provide work for 800 
men over a period of 18 months, 

And how about British Telecom itself! 
Best ever profits leading to a freeze in 
prices for a further few months. Of course 
we can argue that the call charges were too 
high in the first place. Never mind! The 
prospect of competing in a real instead of 
captive market has done the trick. BT is 
really trying harder and will, | believe do 
better. 


Fly Smiths 

Next time you fly in a Boeing remember 
you are also flying Smiths Industries. Their 
electronic auto-throttle system is on all 
727s and 737s together with a host of 
other flight deck instruments. The Smiths 
auto throttle (100 more sets have just been 
ordered) saves fuel on ail regimes of flight 
from take-off to landing. 
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TH transmission of speech stimulated the start of the 
electronics industry. It has, however, taken over 100 
years to develop a machine which will economically 
reproduce the complexity of the human voice. 

Until recently, all sound reproduction has been based on 
electro-mechanical systems centred around plastic discs or 
magnetic tape. Such systems are generally bulky, delicate 
and expensive, and can only be used in a limited number of 


‘environments. There are, however, a large number of ap- 


plications, especially in instrumentation, where an operator 
is not able to look at an instrument panel but needs to know 
immediately the results of his action, and in what way to 
correct them. Such applications are found in Motoronics, 
Avionics and Mechatronics. In effect, the requirement is for 
a speak-out unit, as opposed to a read-out unit, and it was to 
this end that the Warwick Design Group produced their 
Voice Synthesis Board. 

Many ways of reproducing speech digitally have been 
suggested. The simplest of these is to convert the analogue 
speech signal to a linear digital form. As the maximum 
bandwidth of speech is around 4kHz, a minimum sample 
rate of 8kHz is needed, If a 12 bit analogue to digital conver- 
ter is used this technique would take up memory at a rate of 
96,000 bits per second. 
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Part 


SOUND SYNTHESIS 
BOARD 


A method for reducing this astonishing amount of 
memory is to sample the analogue signal at 8kHz but, in- 
stead of measuring the absolute value at each step, simply 
record whether or not the signal is increasing or decreasing. 
This can be done with just one bit, thus reducing the 
memory required to 8000 bits per second, without 
significantly reducing the quality of the speech output. 

A more radical approach to the problem is to use a 
microprocessor to act in the same way as a human voice. 
This means that the action of each part of the vocal tract has 
to be analysed and turned into an algorithm which can be 
programmed into the microprocessor, Such an algorithm is 
shown in Fig. 1.1. It consists of the !ungs which provide the 
basic energy, the vocal cords, the mouth and the nasal 
cavities. Sound generated by the vocal cords is modulated 
by the mouth, the movements of the jaws, the tongue and 
the lips. The whole combination can be considered as a time 
variant filter, whereby the nasal cavity acts as a fixed fre- 
quency resonator. Another useful feature of the human voice 
is that the muscles cannot react faster than 20 to 25 milli- 
seconds. Hence speech can be split up into 20 millisecond 
envelopes. This characteristic can be used to great advan- 
tage when trying to condense the amount of memory. 

Sounds are produced by the vocal system in three ways. 
Voiced sounds are generated by tensing the vocal cords 
which forces them to vibrate as air is expelled from the 
lungs. An example of a voiced sound is ‘ee’ in the word 
‘speech’. Secondly, fricative sounds are generated by air 
from the lungs rushing past a constriction such as the teeth 
or lips. The sound ‘s’ at the beginning of the word ‘speech’ is 
a fricative. Finally, plosive sounds are generated by a total 
obstruction of the mouth cavity by either the tongue or the 
lips. Air pressure is built up and then suddenly released. The 
word ‘pop’ begins and ends with a plosive. 


COMPUTER ALGORITHM 

These elements of a human voice can be built into a com- 
puter by using this algorithm. Fig. 1.2 shows a system which 
comprises a random signal source and a periodic signal 
source. The former is used to generate the fricative and 
plosive sounds and the latter the voiced sounds. Either one 
of these can be selected to drive the time variant filter which 
simulates the action of the lips, the tongue and the jaw 
movements. The algorithm assumes that there is complete 
independence between the source and the filter and that 
only one of the sources is being used at any given time. In 
all, 13 parameters are needed to drive the algorithm, but due 
to the reaction time of the muscles, they only need to be up- 
dated 50 times a second. Hence, if a 10-bit analogue-to- 
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digital converter is used, only 6000 bits are needed to 
synthesise one second of speech. 

Further economies can be achieved by quantitising some 
of the algorithm parameters such as pitch and amplitude 
into a set number of values. The periods of silence which 
occur between syllables need not be recorded, only their 
duration. In many cases, syllables and phrases repeat and 
therefore they can be referred to by the computer time and 


a 


VOCAL CAVITY 


Variable resonator 
Fractive and 
plosive sounds 


VOCAL CORDS 
Tf Voiced sounds pitch 


Fig. 1.1. pict ieike: a the enien — time again, By using all these techniques it is possible to 
| tract reduce the data needed for the successful synthesis of 
: speech to as low as 1,100 bits per second. 


Linear Predictive Coding (LPC), as it is known, is the most 
Hage std Fig. 1.2. Model of the vocal efficient means of synthesising the human voice using digital 
(Urvoiced) tract techniques. A maximum of 49 bits are needed to update the 
13 parameters of the algorithm every 20 milliseconds. They 
can be split up as follows: 


Speach 1) Energy (amplitude) 4 bits 
output 2) Repeat 1 bit 
3) Pitch (frequency) 5 bits 
4) The ten reflection coefficients 
Spectral K1 and K2 5 bits 
. parameters K3-K7 4 bits 
sp K8-K10 3 bits 


Fig. 1.3 shows how the word “HELP” is synthesised using 
the LPC algorithm. 


P K1 K2 K3 K4 K5 K6 K7 FRAME TYPE 

0000 SILENCE 
0100 00000 10011 01110 UV 

0111 00000 UV-—REPEAT 
1101 10010 10000 10100 V 

1101 10011 V-REPEAT 
1110 10011 V-REPEAT 
1101 10100 01101 01111 

1101 10100 01110 01011 

1101 10011 10001 01010 

1011 11010 

1010 10010 01101 00111 

1001 10001 

1001 01110 

1000 01101 V-REPEAT 
0010 01110 00101 Vv 

0000 SILENCE 
0000 

0000 

0111 00000 10100 01011 

0111 00000 10001 01011 

0101 00000 UV-REPEAT 
0011 00000 10011 00111 UV 

0010 00000 10010 00101 UV 

0000 SILENCE 
1111 STOP CODE 
V-VOICED 
UV-UNVOICED 


O--=+0-000=--0-0 


Fig. 1.3. L.P.C. for the word ‘'HELP” 


As there are a considerable number of applications for 
machines with a voice, several companies have developed 
arc a microprocessor systems to run nothing but the LPC 

algorithm. Amongst these companies is Texas Instruments, 
which has developed a dedicated microprocessor, based on 
Fig. 1.4. Instruction set their TMS 1100 device. The TMS 5100 Voice Synthesis 


~ 


Reset 


Load address 
Read & branch 


~lolol—-|-eralola 


ol-l=-|-l-Iciole 


oo; 
| : 
00 
Test tath 10 tor the TSS 1Oe Processor generates human speech by digitally processing 
of data stored in a non-volatile 128K bit ROM. It has its own 
12 Digital-to-Analogue converter and audio push-pull amplifier. 
| a es The amount of external programming needed to drive the 
i processor has been reduced to a minimum. The seven in- 
structions shown in Fig. 1.4 are loaded into the device on 4 
| contro! lines and 1 clock line. 
| 
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+9y SKL/T +9 SKI/6 +9 SKI/S 
RT R37 R6 R38 Ro R31 
kT 22k 4k? 22k AKT 10k 
(a) a) CN 
@N3904 2N3904 2N3904 
ov ov 


SPAI 
TC) PANTY 


SPH 
IC] PINI? 


PIN 4= +9¥ 
PIN t= OV 


Fig. 1.6. Alternative amplifier circuit 


CIRCUIT DESCRIPTION 

The circuit shown in Fig. 1.5 can either be driven by a 
microcomputer or by manual switches. If the latter is used, 
care must be taken to debounce the PDC switch. Processor 
timing is provided by a RC network connected to pin 7 of the 
TMS 5100. When adjusted it will produce a frequency of 
640kHz. This is divided down to give the CPU clock of 
320kHz and the ROM clock of 160kHz. Three power rails 
are needed to run the system. The processor uses a O to 9 
volt rail, whereas an intermediate voltage of 4-5 volts is 
needed for the audio output stage. The TMS 5100 loads an 
address to the VM 61001 by means of the M1 control out- 
put and the ADD bus. As the PDC is brought high during the 
address portion of a load address sequence, the TMS 5100 
brings M1 high and gates the CTL bus to the ADD bus. 
When the PDC is brought low, M1 goes low and the TMS 
5100 stores the nibble in its address register. Data is 
transferred from the ROM to the TMS 5100 in a serial form 
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TL (PDC1) (PDC2) 
PLI‘@ 


egy SK1/8 toy SKIN gy SKE 
Re R2 R36 Ri R36 RI RI R35 
4k7 10k 22k ay) 22k 4k? 10k 22h 
(i (s) GRY 
2na904 2N3904 2N3904 
P ov av Ov 
4 3 
Ey, yy, IC3b = 1c3= 40n 
PINI4 = +9¥ 


SKI/2  PLI2 


over the ADD 8 line. Toggling MO instructs the ROM to 
transfer the next bit. As the PDC is brought high during the 
Read instruction, the TMS 5100 toggles MO and accepts 
the new bit into its four bit buffer over the ADD 8 line. The 
first MO after a load address sequence changes the direction 
of the bi-directional ADD 8 line from transmit to receive. 

The audio stage of the TMS 5100 shown in Fig. 1.5 has 
been optimised for high production runs, An alternative cir- 
cuit is shown in Fig. 1.6. This circuit significantly improves 
the quality of the output and consists of a differentia! am- 
plifier and integrator followed by a low pass filter. The gain 
of the circuit is controlled by VR2, which in turn drives a 
non-inverting amplifier and push-pull output stage. 


PROGRAMMING 

There are two ways in which the system can be operated. 
Direct Addressing: The start address of the speech data held 
in the ROM (Fig. 1.7) is toggled into the TMS 5100 via the 
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WORD 
PHRASE 

ZERO 

ONE 

Two 

THREE 

FOUR 

FIVE 

SIX 

SEVEN 

EIGHT 

NINE 

TEN 

ELEVEN 

TWELVE 

THIR- 

FIF- 

TEEN 

TWENTY 

HUNDRED. 

THOUSAND 


CHARLIE 
DELTA 
ECHO 
FOXTROT 


LOOK-UP 
TABLE 
0002 
0004 
oo0s 
0008 
QOOA 
oooc 
OO0E 
0010 
0012 
0014 
0016 
0018 
O01A 
oo1c 
OOIE 
0020 
0022 
0024 
0026 
0028 
002A 


START 
ADDR 
019A 
O1F7 
0248 
0282 
02C5 
0313 
0360 
o39D 
03F3 
0422 
046B 
O49E 
0504 
0556 
O57E 
05A8 
0504 
0619 
0692 
O70F 
0740 
0788 
07CB 
0815 


LPC VOCABULARY DATA IN VM6 1001 (MALE SPEAKER NO. 6) 


WORD LOOK-UP = START woRD LOOK-UP = START 

PHRASE TABLE AODR PHRASE TABLE ADDR 
GOLF 0068 OEC6 | UNIT OOcE 1F42 
HENRY OO6A OEFF SWITCH oobo 1F94 
INDIA 006C OF49 | START o0D2 1FE2 
JULIET OO6E OF96 | STOP 0004 2021 
KILO 0070 100C | TIMER 0006 2058 
LIMA 0072 1063 | VALVE 0008 20A1 
MIKE 0074 108F | LINE OODA 2133 
NOVEMBER 0076 10D1 | MACHINE oooc 21B0 
OSCAR 0078 1138 | UP OODE 2236 
PAPA 007A 1190 | OOWN OOEO 226A 
QUEBEC o07c 41D5 | OFF OOE2 2204 
ROMEO OO7E 1216 | ON OOE4 2308 
SIERRA 0080 4260 | IS OOEB 2362 
TANGO 0082 124 | NUMBER 'OOE8 239E 
UNIFORM 0084 131B | TIME OOEA 240E 
VICTOR 0086 1377 | CONTROL OOEC 2458 
WHISKEY 0088 13C3 | ALERT OOEE 24BC 
X-RAY 008A 13F8 | OUT OOFO 2523 
YANKEE oosc 1453 | AUTOMATIC OOF2 255E 
ZULU O08E 14A2 | ELECTRICIAN OOF4 25C0 
AND oogs0 14E6 } ADJUST OOFS 2632 
THE 0092 1550 | POINT OOF8 2692 
AMPS 0094 158B | WAIT OOFA 26D4 
HERTZ 0096 15CB | AT OOFC 2704 
FARAD 0098 1618 | BETWEEN OOFE 272F 
WATTS 009A 1686 | BREAK 0100 2792 
MEGA oosc 16D6 | SMOKE 0102 27CE 
MICRO OOSE 1733 | RED 0104 2820 
MILLI OOA0 17A6 | MINUTES 0106 2857 
METER 00A2 17DE | HOURS 0108 28B1 
PICO O0A4 1829 | ABORT 0104 2906 
OHMS OOA6B 185F | ALL 010C 296D 
CAUTION OOAB 1882 | BUTTON 010E 29A3 
DANGER OOAA 1902 | CALIBRATE 0110 29F3 
FIRE OOAC 1970 | CALL 0112 2A5D 
AREA OOAE 19CB | CANCEL 0114 2AA1 
LIGHT O0B0 1A2B | CLOCK 0116 2808 
PRESSURE 00B2 1A79_ | CRANE 0118 2838 
POWER 0OB4 1ACA | CYCLE O11A 2BA2 
CIRCUIT OOB6 1B10 | DAYS Orie 2C00 
CHECK OOB8 1B5A | DEVICE OIE 205A 
CHANGE OOBA 1B8F | DIRECTION 0120 2CBF 
COMPLETE ooBc 1BEG | DISPLAY 0122 2030 
CONNECT OOBE 1C49 | DOOR 0124 208A 
DEGREES ooco 1C9B | EAST 0126 20B8 
MINUS 00C2 1CFB | ENTER 0128 20F1 
REPAIR 00c4 1062 | EQUAL 012A 2E3A 
SECONDS o0cé 1009 | EXIT 012C 2E90 
SERVICE o0ce 1E44 | FAIL O12E 2ECF 
NOT 00CA 1E8A | FEET 0130 2F23 
TEMPERATURE.  O0CC 1ECA | FAST 0132 2F6D 


WORD 

PHRASE 
FLOW 
FREQUENCY 
FROM 


INCH 
INSPECTOR 
INTRUDER 
LEFT 

LOW 
MANUAL 
MEASURE 


POSITION 
PRESS 
PROBE 


YELLOW 


LOOK-UP 
TABLE 
0134 
0136 
0138 
0134 
013C 
O13 
0140 
0142 
0144 
0146 
0148 
O14A 
014C 
O14E 
0150 
0152 
0154 
0156 
0158 
O15A 
015C 
O15E 
0160 
0162 
0164 
0166 
0168 
016A 
016C 
016E 
0170 
0172 
0174 
0176 
0178 
O17A 
017¢ 
OV7E 
0180 
0182 
0184 
0186 
0188 
018A 
o18c 
O18E 
0190 
0192 
0194 
0196 
0198 


START 
ADDR 
2FCB 
2FFA 
3065 
30BE 
30FC 
316A 
J1A5 
31E0 
3233 
3270 
320C 
333D 
3375 
330F 
3440 
3460 
34C1 
3534 
3598 
35D0 
3635 
3BAB 
36F9 
373D 
3799 
3705 
3815 
3855 
3BA4 
38D8 
395F 
39C0 
SATA 
3A49 
SATE 
SAEC 
3B2F 
3B80 
38D2 
3COD 
3C3D 
3C7D 
3CC5 
3D0C 
3091 
30E6 
SEtF 
SE5A 
SEA 
SEFE 
3F42 


Fig. 1.7. Vocabulary for the VSB 


control lines. As 18 bits are needed to address one location 


in a memory of this size, and there are only 4 control lines, 
then 5 nibbles of 4 bits are used. Each nibble is preceded by 
a load instruction. After all 5 nibbles have been loaded a 
‘Read Bit’ instruction is toggled into the processor. This in- 
struction reverses the bi-directional memory bus and when a 
‘Speak’ instruction is toggled in, data is transferred from the 
ROM to the TMS 5100. This data is then processed and 
fed to the audio output via the 10 bit digital to analogue 


converter, 


Indirect Addressing: The second method is to use an in- 
direct ‘Read and Branch’ instruction. Fig. 1.8 shows the flow 
chart for this instruction. At the bottom of the ROM there is 
a look-up table which holds all the start addresses of all the 
words held in the memory. If the ‘Read and Branch’ instruc- 


tion is used the address of the look-up table which holds the 
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instruction 


STILL 
TALKING 


starting address of the required word is first toggled into the 
TMS 5100 via the CTL lines. A ‘Read and Branch’ instruc- 
tion is then executed, and on receiving a ‘Speak’ instruction, 
the audio output is activated. 


CONCLUSIONS 


The voice synthesis board described above can be used 
as a basic building block in many different applications. It 
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Fig. 1.8. Flow chart 
for a Read & Branch 


some typical speech scenarios 


burglar alarms 
REDALERT, INTRUDER AREA ONE. 


video games 


RANGE: TWO THOUSAND FEET. 
DIRECTION: THIRTY-NINE DEGREES 
EAST, 

ALPHA BRAVO TO (use TWO} WHISKEY 
FOXTROT. 

POSITION SAFE, 

MOVE FAST. 


personnel security 


STOP. DOOR IS AUTOMATIC. 

INSERT PASS. 

PRESS ENTER BUTTON ON RIGHT. 

WAIT TEN SECONDS. CHECK NOT 
COMPLETE. 

CAUTION. 

FAIL. PASS NUMBER IS NOTO K. 

CALL MANUAL INSPECTOR. 

CANCEL PASS. ABORT CYCLE. 


safety 


GET SERVICE UNIT. 

DANGER: TEN THOUSAND VOLTS. 
LINE VALVE PRESSURE HIGH. 

GET ELECTRICIAN. 

REPEAT TEST ON TIMER SWITCH. 


can be interfaced directly to a microcomputer or used to 
enhance an existing instrument such as a digital voltmeter, 
frequency meter, digital clock, or CB radio read out. 


NEXT MONTH: A method for interfacing the voice syn- 
thesis board with a 3 digit, 7 segment display will be 
described. 
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Fig. 1.9. Printed circuit board 


Fig. 
layout 


1.10. Component 


WANTED Buy or borrow, handbook manual for 
Ferrograph series Four, also require bulk tape 
eraser. Robert Du Pontet, 55 Staplegrove Road, 
Taunton. Tel; (0823) 72909. 

WANTED Circuit or manual for miniature os- 
cilloscope type CT52. Buy or borrow. W. D. 
Goodwin, 1 Long Meadow, Natland, Kendal, 
Cumbria LA9 702. 

ACORN Atom fully expanded TV monitor, 
cassette recorder, p.s.u., too! kit, ROM, 36 
software tapes inclusive, £220-00. Mr. R. W. 
Hearn, 10 Speedwell Close, Pakefield, Lowestoft, 
Suffolk NR33 7DU. Tel: Lowestoft 66026. 
MAPLIN matinee organ for sale, complete and 
working. £370. Tel: 01-578 5448 (Greenford). 
D, J. Comber, 66 Chinnor Cres., Greenford, 
Middx. UB6 9NX. 


UK101 32 x 48 12K BASIC 16K RAM 
Motherhood, EPROMS + Programmer sound 
+MHz 3/600B software, £280 0.n.0. N. Brooks, 
103 Drake Rd., Harrow, Middlesex HA2 9D2Z. 
Tel: 01-868 9524. 

WANTED, to buy or borrow, handbook for tele- 
quipment oscilloscope type D56. G. V. B. 
Russell, North Yeo, Instow, Bideford, Devon 
EX39 4JJ. Tel: (0271) 860570. 

ZX81 32K with ‘Fuller’ keyboard, p.s.u. and 
case. 3-D maze game. Three books, Sinclair 
manual, £100. M. Bond, 2 The Grange, 
Eastbourne Road, South Godstone, Surrey RHO 
8JQ. Tel: 034-285 3168. 

CASIO FX702-P pocket computer with printer, 
cassette interface and 5 rolls of paper. £115 
o.n.o. S. J. Riddle, 51 Marshalswick Lane, St. 
Albans, Herts. AL1 4UT. Tel: (0727) 53946. 
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WANTED Cosser type 23D cathode ray tube. A. 
F. E. Riley, 1 Boulton Sq., West Bromwich, 
Staffs. 

LOGIC cards: 6 FND800 displays and CD4511, 
£3-00. PSU +5/-12 with power-on reset, 
£6-00, p.p. extra. Norman Simons, 187 Lad- 
broke Gr., London W10. Tel: 01-969 6150. 
MARSHALL 100 watt amp transistorised, lead 
good condition. £100 o.n.o. Mr. A. C. Clews, 5 
Hedgerow Dr., Kingswinford, West Midlands 
DY6 7SA. Tel: 271404 (0384). 

PHILIPS 1700 V.C.R. with tapes, faulty head, 
£80, Buyer collects, Cash please. J. Gray, 9 New 
Road, Hextable, Swanley, Kent BR8 7LS. Tel: 
Swanley 64486. 

WANTED circuit diagram of ZX80. Will pay 
photostating, postage etc. Robert Forsyth, 45 
Cyclamen Road, Swanley, Kent BR8 8HH. Tel: 
Swanley 64394 after 6pm. 

UK101 8K, Cegmon, new Basics, 
1,3,4,16/32x48 screen, cased, PE extension 
boards (No i.c.’s) £80 0.n.o. Somerton 72663 
evenings. 

6 VOLUMES Radio TV servicing 1968 to 1974 
mint condition £14.50 carriage extra, weight 
18lbs. D. Clark, 2 Eriskay Avenue, Hamilton, 
Strathclyde, Scotland. Tel: Hamilton 421757. 
UK101 plus 610bd. 32K RAM 2 x Mini Disk 
drives, SEK 65D 3-3 DOS, Link 65 Cegmon b/w 
monitor £450 o.n.o. Stuart Higgins, 138 Lower 
Farnham Road, Aldershot, Hants. Tel: Ald 
28796. 

UK101 8K-32L cased Cegmon resident Basics 
1,2,3,4,5, T/KIT Il, Codekit + cassettes Assem- 
bler, Forth, Exmon, games £200. p/exch? Tel: 
0252 546739, Farnborough, Hants. : 
WANTED Reasonably priced synthesised short- 
wave receiver, also spool! type VRT. Write first: 
16 Rosalind House, Stanway St., London N1 
6RR. 


2 x 5 Octave keyboard 2 x 5 Octave PC/B key 
switch assemblies, 2 x foot controls S/L reverb 
unit, unused, £80. F. L. Mebhurst, 168 Maesglas 
Cres., Newport, Gwent NPT 3DA. 

TWO +15V power supplies complete, uncased, 
£10 ea. Four RC4195 +15V regulators, £3 ea. 
Paul! Blackburn, 33 St. Annes Rd., New Marske, 
Redcar, Cleveland, Tel: Redcar 485127. 

MONO Dx TV for sale, pro. conversion, isolated 
chassis, all bands, video/audio in/out, £25 o.n.o. 
Mr. A. Bouskill, 129 Lyminster Ad., Sheffield, S. 
Yorks S6 1HY. Tel: 0742 311191. 

WANTED Good quality Gould oscilloscope, 
double beam, 10MHz min. or similar. Must have 
good triggering. Anthony Collins, 34 Lock 
Assynt, East Kilbride, Glasgow G7H 20W. 
SOLDERING iron, Weller TCP 24V/48W (needs 
transformer to use), plus bench stand. Unused 
present, £15 including postage. Tel: Oxford 
(0865) 779855. 

WANTED circuit diagram of ZX80. Will pay 
photostating, postage etc. Robert Forsyth, 45 
Cyclamen Road, Swanley, Kent. BR8 8BHH. Tel: 
Swanley 64394 after 6pm. 

UK101 8K, Cegmon, new Basics, 
1,3,4,16/32x48 screen, cased, PE extension 
boards (No i.c.'s) £80 o.n.0. Somerton 72663. 

6 VOLUMES Radio TV servicing 1968 to 1974 
mint condition £14.50 carriage extra, weight 
18lbs. D. Clark, 2 Eriskay Avenue, Hamilton, 
Strathclyde, Scotland. Tel: Hamilton 421757. 
UK101 plus 610bd. 32K Ram 2x Mini Disk 
drives, SEK 65D3-3 DOS, Link 65 Cegmon b/w 
monitor £450 o.n.o, Stuart Higgins, 138 Lower 
Farnham Road, Aldershot, Hants. Tel: Ald 
28796. 

UK101 8K-32L cased Cegmon resident Basics 
1,2,3,4,5, T/KIT Il, Codekit + cassettes Assem- 
bler, Forth, Exmon, Games £200. p/exch? Tel: 
0252 546739, Farnborough, Hants. 
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BACK TO TESLA 


Something o/d for a change. There's been a 
lot of interest recently in the life and work 
of Nikola Tesla, largely due to the publica- 
tion of a new biography. Tesla’s American 
patent, number 645576 of March 1900, is 
well worth a read, even today. You can read 
it on micro film at the Science Reference 
Library, attached to the British Patent Of- 
fice, in Chancery Lane, or you can buy a 
photo copy made from micro film for 
around £1, 

Tesla's patent, entitled ‘System of 
transmission of electrical energy’ was filed: 
in 1897. At first sight it may look like a re- 
invention of Marconi's first ideas for radio. 
But Tesla wasn't talking about the 
transmission of low-powered message 
signals, he was proposing the transmission 
of electric power in bulk over long dis- 
tances, without wires. ‘| contemplate em- 
ploying my invention on an industrial scale’, 
he wrote ‘for lighting distant cities or dis- 
tricts from places where power is ob- 
tainable’. Was he a hundred years ahead of 
his time, or a fool? 

In the drawing the transmitter is a 
transformer with a primary C and a secon- 
dary A. The secondary is wound from thin 
wire and connected to a steel cable B 
suspended high in the air by baloon D. In- 


Copies of Patents can be obtained from: 
the Patents Office Sales, St. Mary Cray, Orpington, Kent. Price £1.60 each. 
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termittent power is input from source G, for 
instance a capacitor. 

The receiver is of similar construction, 
with lamps L as the load. Tesla built a small 
scale model and claimed that he could 
transmit power from one unit to the other in 
a vacuum environment with a potential of 
around 4 million volts. ‘It was easy under 
these conditions’, he wrote in the patent, 
‘to transmit with fair economy considerable 
amounts of energy He claimed that by 
cranking the voltage up to about 50 million 
volts, with a secondary 50 miles in length, 
and suspended aerials 35,000 feet above 
sea level, it would be possible to transmit 
‘many thousands of horse power —- many 
hundreds and even thousands of miles’. The 
system, he said, could also be used to 
transmit messages. Another idea was to 
manufacture materials like nitric acid and 
fertilisers, from gases occurring naturally in 
the upper atmosphere. 

Tesla was at pains in the patent not to 
claim the apparatus, just the method of 
transmitting electrical energy through the 
upper air strata. Reports, perhaps not as 
crazy as they at first sound, suggest that 
the Russians may have recently been 
putting Tesla’s patent theories to the test 
using modern technology. 


SPEAKER IMPROVEMENTS 
Celestion, the Ipswich loudspeaker 
manufacturers, have received considerable 
critical acclaim for their SL6 unit. The com- 
pany have been cagey about giving 
technical details on fine points of construc- 
tion, but their patent applications are now 
being published. 

European patent application 0065882 
covers the HF tweeter dome which is an 
important factor in the sound of the SL6. 
Conventionally radiating domes have been 
made out of impregnated cloth, plastics or 
metals like aluminium or titanium. The snag 
has been poor heat dissipation, When the 
speaker is playing loud music, especially 
pop with synthesizers in the orchestration, 
there is a considerable amount of high fre- 
quency energy to be reproduced. The drive 
coil heats up and may burn out. Cooling 
fluids have been used as a heat sink. Now 
Celestion have killed two birds with one 
stone by making the dome radiator serve as 
its own heat sink. 

The patent lists a wide range of 
possibilities, but essentially the dome is for- 


med from one or two layers of a metal 
which is a good heat conductor. Although 
silver and gold are usable, they are too ex- 
pensive, so copper is chosen in practice. 
The dome is less than 1mm thick, and for- 
med by metal deposition, for instance in a 
vacuum or by RF sputtering. If acoustic 
damping is needed, the dome can be for- 
med from two layers of metal separated by 


a filler layer of plastics or rubber. It can also 
be protected by a very thin coating of non- 
metallic material. 

Celestion has also filed a European pa- 
tent application, number 0065883, on a 
different way of securing a ring radiator to, 
its clamps, so that the unit doesn't fall apart 
when driven at high power. Fig. 1 shows 
the conventional way of securing a 
diaphragm 10 between ring clamps 12. The 
drive coil 16 is wound on tubular former 14 
and secured to the apex of the diaphragm 
at butt joint 18, by glue. Because the area 
of adhesive contact is so small, the joint is 
liable to fail under load. 

To overcome this Celestion makes the 
diaphragm in two halves, one half also serv- 
ing as the former for the drive coil. Fig, 2 
shows one half of the diaphragm 22 with 
an angled tongue 22C at the end. The other 
half of the diaphragm 24 has a large flange 
24C which serves as the former for coil 28. 
The two halves of the diaphragm are glued 
together at the tongue 22C, so there is a 
much larger area of adhesive contact and 
less likelihood of failure under load. 
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INDSCREEN wipers have featured on modern motor 

vehicles since their earliest days. At first, drivers con- 
sidered themselves lucky to have even a single electrically- 
driven wiper blade, usually running at a fixed speed, and re- 
quiring manual parking when no longer required. With the 
passage of time, improvements in the form of twin-bladed 
wipers, switched speeds, self parking and intermittent 
wash/wipe facilities have been introduced. Although con- 
sidered by some to have detracted from the ‘character’ of 
the earlier cars, these changes have undoubtedly been of 
significant benefit to the motorist at large. Typically now 
even the basic models feature two-speed self-parking twin 
front wipers, usually with intermittent wash/wipe facilities, 
as standard equipment. 

The advent of the popular hatchback style has seen the in- 
troduction of tailgate wash/wipe on many cars. The normal 
arrangement is to provide a single-bladed, slower-running 
wiper running at a fixed speed with self-parking, and in many 
respects this is often adequate. There are situations, 
however, in typically English periods of wet weather when 
the rain, although continuous, is not really heavy enough for 
the rate of wipe provided. This can lead to the driver con- 
tinuously switching the wiper on and off, which is both dis- 
tracting and tiresome, The alternative is a wiper which tends 
to ‘drag’ across the rear screen surface, resulting in a screen 
which is more smeared than wiped; the noise in itself is 
often as distracting as the reduced visibility is hazardous. 

The unit to be described will provide a variable speed con- 
trol for a rear screen wiper to help overcome some of the 
problems described above. It uses a small number of low 
cost components, and can be fitted with the minimum of 
rearrangement to the existing vehicle wiring. When installed, 
the unit can be used to select any rate of wipe between once 
every minute and the maximum of the rate fitted as stan- 
dard. The existing wiper controls are retained, allowing 
drivers unused to the additional facilities to drive as normal. 


SINGLE~ SPEED 
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Fig. 1. Conventional tailgate wash/wipe circuit 
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CONSIDERATIONS 

A typical tailgate wash/wipe circuit is shown in Fig. 1 with 
the controls set in the ‘wipe’ position. The +12V lead 
labelled ‘a’ is permanently connected to the wiper motor, 
and provides power for self parking when the driver moves 
the control from ‘wipe’ to ‘off’. The motor housing itself con- 
tains another switch which disconnects the winding from 
lead ‘a’ when it reaches the parked position. Lead ‘b’ is con- 
nected to ground in the ‘off’ position to help prevent the 
motor overshooting the parking position (thereby starting 
another wipe cycle) by collapsing the motor field when ‘a’ 
becomes disconnected. In the ‘wipe’ position, ‘b’ ensures 
that the motor continues turning through the parking posi- 
tion, thereby producing continuous operation of the wipers. 
Internally within the motor, ‘a’ and ‘b’ are both connected via 
a diode and a rotating switch arrangement to one end of the 
motor winding, while the other end is permanently 
grounded. 

One consideration in producing a wiper delay unit is that, 
although intended to be used when the normal wiper control 
is set to ‘off’, it should not interfere with the wiper if used 
when the control is set to ‘wipe’. The basic principles of the 
unit to be described are shown in Fig. 2. The delay unit, 
when switched on, produces a continuous stream of pulses 
to drive switch $1. The duration of each pulse is chosen to 
be long enough to ‘kick’ the wiper out of its parked position, 
but not so long as to exceed one complete wipe cycle {which 
on a small hatchback is typically just under two seconds). 
Varying the interval between these pulses then gives the 
method of varying the rate of wiping. The unit described 
allows variation from one wipe every minute, up to the max- 
imum rate supplied of approximately 30 to 40 wipes per 
minute. As can be seen from the schematic in Fig. 2, if both 
the delay unit and the normal wiper controls are both 
switched ‘on’, the wiper will operate continuously at the 


standard fixed speed without difficulty. 
SINGLE ~SPEED 
WIPER MOTOR 
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Fig. 2. 
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wash/wipe 
with delay 
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y Fig. 3. Circuit of delay unit 


WSEE TEXT 


CIRCUIT 

The wiper delay unit is designed around a general purpose 
circuit board which may be readily adapted for use with a 
wide variety of wiper configurations. The circuit diagram for 
this basic module is shown in Fig. 3. The basic timing ele- 
ment is the ubiquitous 555 monolithic timer, |1C1, which is 
used here in a conventional astable configuration. The out- 
put low period from pin 3 of IC1 is set by R2 and C1, 
according to the equation T, = 0-7 R2 C1, while the output 
high period for fixed values of R2 and C1 is set by R1 and 
VR1, according to Ty = 0-7 (R1 + VR1 + R2) C1; both equa- 
tions give times in milliseconds for resistances in kilohms 
and capacitances in microfarads. The component values 
shown in Fig. 3 will produce a fixed low output period of 0.7 
seconds, while the output high period will vary from approx- 
imately 1-3 seconds (minimum VR1), up to around 70 
seconds (maximum VR1). This produces a useful range of 
pulse-to-pulse intervals, but without the need for any 
unusual component values. 

The series switching device is a Darlington power tran- 
sistor, TR1, which is operated in common emitter mode. The 
load is connected in its collector with a fuse, FS1, included 
for protection, and an |.e.d. gives an indication of the output 
state. In this configuration, the load is switched on when the 
output of IC1 is low. With the transistor specified mounted 
on a Suitable heatsink, loads of up to 5 amps may be con- 
trolled. This would allow the older type of wiper without self- 
parking facilities to be controlled directly; simply adjust the 
value of R2 to give an output low period which is equal to 
the time taken for the wiper to complete one wipe cycle. In 
simple applications the load is connected between terminals 
5 and 6 of the delay unit, and FS1 and D2 are chosen to 
have ratings appropriate to the load concerned. There is, 
however, no simple, cheap and robust method of using 
semiconductor switching when the load is a self parking 
wiper, and so the load on TR1 will be the relay coil for the 
switch S1 which is shown in Fig. 2. In this case, the ratings 
of D2 and FS1 may be significantly reduced; 1 amp will 
allow a useful number of relays all to be connected to the 
same output without overload. 

The general purpose circuit described above may be used 
for a wide range of applications simply by changing the 
timing components to give the required on/off periods. 
Alternative values may be calculated from the equations 
given. 


CONSTRUCTION 
The basic delay unit described above and shown in Fig. 3 
is built on a small single-sided p.c.b., the foil layout of which 
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is shown adjacent. The corresponding component layout {on 
the top side of the p.c.b.) is shown adjacent. For low power 
loads such as relay coils, and other loads up to approx- 
imately 1 amp, the use of a heatsink for TR1 is not 
essential, but will render the unit more robust. Above 1 amp, 
the use of a heatsink is recommended; one rated at around 
10°C/W is suitable and will fit on the p.c.b. shown. The 
metal tab of the TIP126 is connected to the collector and 
hence in some applications it may be desirable to insulate 
the tab from the heatsink using a standard mounting kit. 

Care should be taken to ensure the correct orientation of 
the polarised components but otherwise no special handling 
procedures are required. The use of a d.i.l. socket for IC1 is 
optional, and connections to the p.c.b. are made using ter- 
minal pins which are a push-fit and then soldered to the cop- 
per track. The component layout for the unit is in no way 
critical, and constructors may prefer to use a small piece of 
Veroboard in place of the p.c.b. shown. 

The track layout for the p.c.b. allows either a preset 
resistor or a fixed resistor to be fitted in the place shown for 
VR1. This allows the provision of a single preset wiper speed 
in applications where this will suffice, or where there is in- 
sufficient space to mount a variable control on the 
dashboard. In the majority of applications, however, it is ex- 
pected that neither a fixed resistor nor a preset will be moun- 
ted on the p.c.b., and instead a potentiometer will be wired 
between pins 2 and 3 and mounted on the dashboard; the 
unit on/off switch is most conveniently combined with VR1. 
In situations where the delay unit will be mounted away 
from easy access, it may be useful to fit a 5 amp fuse in the 
p.c.b. holder, and then use a standard in-line automotive 
fuseholder with a more appropriate fuse to protect against 
overloads and faults. In general, FS1 (or the in-line fuse) and 
D2 should be chosen to have a rating approximately twice 
that of the continuous rated load current. In relay-driving 
situations, a 1 amp fuse and 1N4001 diode or similar are 
suitable components. 
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TESTING 

When the p.c.b. assembly is complete, it should be carefully 
checked for dry joints and solder bridges between adjacent 
tracks. The board may then be mounted in a small plastic or 
diecast box if required, prior to some pre-installation tests. A 
12 volt supply, preferably with an electronic over-current trip 
or at least with a 1 amp line supply fuse, should be connec- 
ted between pins 1 and 4. A short wire link should tem- 
porarily be fitted between pins 2 and 3. Turning on the sup- 
ply should cause the l.e.d. to begin to flash every 2 seconds, 
with a mark:space ratio of approximately 1:2. The supply 
current should vary between approximately 5mA (l.e.d. off) 
and 50mA (l.e.d. on). As a final check, the voltage between 
pins 5 and 6 should fluctuate between just below the supply 
voltage and O volts, following the indication of the l.e.d. 
on/off, respectively. Removal of the shorting link between 
pins 2 and 3, and substitution with a resistor should cause 
the le.d. to remain extinguished for a period which is 
progressively longer as the resistance is increased. 


INSTALLATION 

The installation of the delay unit, relay and switch/optional 
speed control follows the wiring diagram shown in Fig. 5. If 
only a fixed speed is to be used in conjunction with a p.c.b. 
mounted component for VR1, then the two wires marked 
with asterisks in the drawing are simply omitted. The first 
step is to identify the two wires from the normal wiper con- 
trols which are marked ‘a’ and 'b’. This is best done with the 
aid of the wiring diagram for the car, but may easily be done 
with the wiring to the dashboard switch exposed. In case of 
doubt, wire ‘a’ will carry +12 volts whenever the ignition cir- 
cuit is switched on, whereas wire ‘b’ will carry +12 volts 
only when the ignition is on and the wiper controls are on. 

When leads ‘a’ and ‘b’ have been identified, switch off the 
ignition and use four tap-in connectors {coded 1 to 4 in the 
diagram) to complete the circuit. It will be necessary to cut 
wire ‘'b’ as shown between connectors 2 and 3, and in many 
cases a fifth connector may be used to connect p.c.b. pin 4 
to ground via one of the leads on the normal wiper switch. 


Fig.4. Foil pattern for p.c.b. and board layout (right) 
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Fig. 5. Details of unit installation 


The relay shown may be mounted either in the same box as 
the p.c.b. or secured anywhere convenient. This relay may be 
almost any changeover relay fitted with a 12 volt coil; car 
accessory shops usually stock these for headlight 
changeover and similar purposes. 


CHECK OUT 

When installation is complete, ensure that the delay unit 
is switched off, and turn the ignition back on. Check that the 
normal tailgate wiper control still func- 
tions correctly. If the wiper runs con- 
tinuously regardless of the control 
setting, it is likely that the connections 
to the relay switch contacts have been 
confused, and these should be 
checked. When all is satisfactory, the 
normal wiper control should be retur- 
ned to ‘off’, and the delay unit switched 
on. Turning VR1 fully clockwise should 
produce a wiping speed very close to 
the normal speed. If the control ap- 
pears to work the other way round, 
simply move the lead from p.c.b. pin 3 
to the unused pin of VR1. 

The final check should be to set the 
unit to the slowest wipe rate (VR1 fully 
anti-clockwise), and then turn on the 
normal wiper control. The result should 
be to restore the normal wipe rate. 

The unit is now ready for use on the 
road in the next wet period; an oppor- 
tunity to use it in anger will not 
normally be long delayed! * 
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OTH Intel and Motorola seem to have been “caught-on-the- 

hop” by the speed with which competitors designed and in- 
troduced much improved versions of their original 8 bit processors, 
the 8080 and the 6800. The 280 from Zilog and the 6502 from 
MOS Technology must have caused severe corporate indigestion 
because the originators’ own “improved” versions, namely the 
8085 and the 6802, were very tame in comparison to those 
powerful upstarts! 

intel appeared to go off in something of a sulk, and never 
attempted to challenge the Z80 by beating it at its own game. In- 
stead, they concentrated activity on their new 16 bit processor, the 
8086. Eventually however, they did decide to produce a simplified 
8 bit bus version of their 16 bitter, the 8088, in a belated attempt 
to recapture a major share of the 8 bit market. 

Motorola were made of sterner stuff it seems, because in addi- 
tion to working hard on their own 16 bit chip, the 68000, they 
found the funds and the time to design a 6800 derivative to beat all 
others, the mighty 6809! 

The 6809 brings tears of joy to the eyes of all 6800 and 6502 
addicts because it puts right nearly all the deficiencies of those 
earlier devices and it does so without cluttering the place up with 
bolt-on registers and long tists of sometimes illogical instructions 
such as can be found lurking within the Z80. In short, the 6809 is 
just beautiful, and it is a great pity that Motorola did not see fit to 
introduce it earlier, rather than as a late response to the 6502. 

If the 6809 is so good, you may ask, why is it not more popular? 
Well, the short answer is that it came along too late, in 1979, when 
most microcomputer manufacturers had already chosen either the 
Z80 or the 6502 for their TRS80s, APPLES, and PETS. Now that 
designers are moving on to their second generation machines, the 
lure of the big 16 bit processors like the 8086 and the 68000 is 
just too strong to resist! Not that the 6809 is a dead duck of 
course; it has established itself well enough to be available for 
many years to come, and for hobby projects of the personal com- 
puter or data processing variety, it can be thoroughly recommen- 
ded. ' 

Like the 6502, the 6809 has been optimised for data processing 
applications, and the needs of operating systems and high level 
languages were obviously very much in the designer's mind when 
the architecture was defined. Unlike the 6502, the 6809 is largely 
code compatible with the 6800 at the assembler mnemonic level, 
which means that many existing 6800 routines can be easily 
modified to run on the new device, making it a natural upgrade 
path for anyone currently using the 6800 or 6802. This com- 
patibility also extends to the electrical specifications of the device 
which make it appear to the outside world very much like a 6802, 
complete with the capability to use all existing 68 series and 65 
series peripheral chips. 

Of course there are differences too, and it is these which make 
the 6809 so much more powerful than its predecessors. In 
hardware terms the 6809 has what appears to be a modest set of 
new facilities, namely two new 16 bit pointer registers, an 8 bit 
direct page register, an extra interrupt input and some new control 
lines. The real differences show up more clearly in the area of the 
instruction set which has been revamped with the objective of in- 
creasing programmer productivity by making the use of high level 
languages rather than assembly language, the natural choice for 
most applications. The 6809 does not, however, contain large 
numbers of new instructions, in fact there are only 59 basic 
mnemonics in the set, but each of these basic instructions has been 
made more versatile by allowing all the desirable variations on a 
basic theme, so that demands on the human programmer's 
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memory are reduced, Extra addressing modes have also been 
provided, making ten in all, with the aim of multiplying the effec- 
tiveness of the simple but concise set of 59 mnemonics still further. 
The effect of these multipliers is to give a total set of 1,464 unique 
instructions! 

The processor resulting from these sensible improvements runs 
270 per cent faster than the 6800, programs with 42 per cent 
fewer instructions and uses 33 per cent less code bytes. When 
compared to the Z80, the 6809 can perform at better than twice 
the speed when using memory of the same access time, according 
to Motorola benchmark tests. 

Anyone interested in the fascinating behind-the-scenes story of 
the development of the 6809 should read the article, “A 
Microprocessor for the Revolution: The 6809", part 1 of which. 
appeared in the January 1979 issue of Byte magazine. 


REGISTERS 

The first thing to notice about the register array is that all the 
familiar 6800 registers are alive, well, and living in the 6809, 
Remember that the 6800 has two accumulators, and these are the 
only on-chip data registers, The Index Register, Stack Pointer, and 
Program Counter are reserved as memory address pointers. To 
make up for this apparent lack of data storage registers, the 6800 
and its cousins rely on the short 8 bit direct addressing mode to 
access page zero (0-255) of RAM memory, all of which can be 
used as registers if required, 

The 6809 uses the same principle, but the RAM based register 
page can now be located anywhere in memory thanks to the new 8 
bit Direct Page (DP) register. In the 6800 the direct addressing 
mode uses the contents of the byte following the opcode for the 
low order address information and forces all the high order address 
lines to zero. With the 6809, the high order address byte comes 
from the DP register which can be preset by the programmer to 
point to any of the 256 available pages in the 6809 memory space. 
In theory at least, the direct register addressing technique can now 
access 65,536 8 bit registers, but this kind of register page 
manipulation is not recommended in practice, and let's face it; 256 
registers should be enough for most people! The main advantage of 
the DP register is that memory mapping is made much easier since 
the system designer can put his RAM anywhere he likes and still be 
sure of having a page of registers available. 

Providing the programmer is not too free-and-easy with direct 
page reallocations however, they can sometimes be put to good 
use. One possible excuse for maintaining two register pages could 
be the reservation of one page exclusively for use by interrupt 
routines. To maintain compatibility with the 6800, the 6809 DP 
register is set to OOH on reset. The register page can then be 
reallocated during the initialisation routine which is generally a 
feature of all programs. 

Still on the subject of data registers, the A and B accumulators 
have now assumed a new joint role as the D accumulator register 
for 16 bit operations, This, together with a new set of 16 bit load, 
store, transfer, and arithmetic instructions is one of the main 
reasons for the increased power of the 6809. 

Another new role for A and B results from the provision of a 
hardware 8 x 8 multiplier. A is used to hold the multiplicand, B the 
multiplier, and A and B together (as the D register) hold the 16 bit 
result. The 6809 multiplier is a simple unsigned integer device 
optimised for high level language array subscript calculations and 
shifting, rather than for general purpose arithmetic. Notice also that 
there is no division capability such as that provided in the fancy 
(but expensive!) 16 bit processors like the 68000. 
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A total of five 16 bit memory pointer registers are provided on 
the 6809 compared with only three for the 6800. The program 
counter (PC} is as usual, quite conventional and identical to the 
6800 version. One opportunity passed up here was the possibility 
of extending the length of the PC so that a bigger memory array 
could be addressed, but Motorola decided to keep things simple on 
the chip and build an additional device, the 6829 to act as an exter- 
nal memory management unit (MMU) for those applications which 
need a big memory. On balance this was probably a wise decision, 
since competing with the big 16 bit devices in this way would have 
made the 6809 much more expensive. The other four 16 bit 
memory pointer registers are a joy to all programmers who have 
wrestled within the confines of the 6800 straight-jacket. Not only 
does the 6809 have two index registers and two stack pointers but, 
almost as important, it has a complete set of instructions and 
addressing modes to make the best use of them. 

The X index register, equivalent to its 6800 counterpart, has 
been joined by the Y index register so that two-address indexing 
operations can be performed with ease. Likewise, the SP stack 
pointer of the 6800 has been joined by the U stack pointer in the 
6809. Even better, all four registers are indexable and may be used 
as stack pointers, although only the S and U registers have specific 
PUSH and PULL mnemonics allocated to them. 

The main purpose of the additional stack pointer register U is to 
provide a user stack in addition to the system stack. During sub- 
routine calls or interrupts the system stack designated by S is 
automatically used to store registers and a return address. When 
the programmer decides to use the stack, however, he has the 
choice of either the system stack or the user stack, and by choosing 
the user stack he has a very simple way of passing parameters to or 
from a subroutine unhindered by processor status information and 
return addresses which would get in the way if only the system 
stack were available for this purpose, 

There is one important difference between 6809 stack pointer 
operations and those of the 6800. To ensure that the indexed 
addressing modes remain consistent for all four 16 bit pointers, the 
6809 stack pointers are constrained to point not to the next free 
stack location (as in the 6800) but to the last item pushed onto the 
stack. In a nutshell, the auto-index operations of the 6809 pointer 
registers use preincrement and postdecrement rather than the 
postincrement and predecrement of the 6800. 

For compatibility with the rest of the 6800 family, all the condi- 
tion code bit allocations in the flag register have been kept the 
same in the 6809, but the two bits which were previously spare 
(D6 and D7) are now put to good use. Bit D6 represents the FIRQ 
mask bit which disables the FIRQ interrupt input when set to a 
logic one. The FIRG facility is a new fast response interrupt line 
which has priority over the old IRQ interrupt and gives a faster 
response by stacking only the Program counter and the flag 
register. To keep FIRQ firmly in its place, NMI, FIGO itself, SWI and 
RESET all set D6 toa one. 

D7 is also connected with the FIRQ interrupt since it represents 
the Entire flag which is set to indicate that the “entire” machine 
status was previously stacked by the occurrence of an interrupt, not 
just the FIRO subset. This flag is not normally of concern to the 
programmer but is used by the return from interrupt (RTI) instruc- 
tion to determine the degree of unstacking required. 


INSTRUCTION SET 


Motorola have done a really nice job on the 6809 instruction set 
by somehow managing to make it very much more capable than 
that of the 6800 without making it horrifyingly complicated. 
General purpose mnemonics are the name of the game, and these 
put much less strain on the poor humans who have to try and 
temember them. 

Take the TFR and EXG mnemonics for example. These allow you 
to make 63 different register transfers and exchanges by remem- 
bering two mnemonics and putting the appropriate R1, R2 
parameters after them—easy. Similarly, in the 6800 set there are 
six condition code flag manipulation instructions which set or clear 
specific bits. In the 6809 (which uses more flags) there are just two 
instructions which AND or OR immediate data into the CCR to 
achieve the same results. 

The very important group of 16 bit operators provide facilities 
unavailable on the 6800 and with sufficient power and flexibility to 
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make those provided by the Z80 look puny by comparison. The 16 
bit D register can be added to, subtracted from, compared, 
transferred, exchanged, loaded, stored, pushed and pulled, and the 
16 bit pointers can be loaded, stored and compared. The new LEA 
(Load Effective Address) instruction even allows 8 or 16 bit 
arithmetic operations to be performed on the indexable registers. 

Apart from the new MUL (multiply instruction) there are several 
other instruction set extensions worthy of special mention. To rec- 
tify a deficiency of the 6800, which could only push or pull the A 
and B accumulators under program control, the 6809 can push and 
pull any individual register or the whole lot with a choice of two 
separate stacks using just the four basic mnemonics PSHS PSHU 
PULS PULU. 

The 6800 had only one SWI vector compared with the eight 
separate RST vectors on the 8080 and Z80. The 6809 goes some 
way towards redressing the balance by providing three, SWI, SWI2 
and SWI3, one of which Motorola promises never to use in its own 
system software so that it will always be available for user applica- 
tions programs, even those that run under Motorola system 
software, 

With such a well proportioned processor, SEX just had to come 
into it somewhere, and it does so with the sign-extend instruction 
which converts an 8 bit twos complement number in the B 
accumulator into a 16 bit twos complement number in the D 
register. A smatl touch, but one that can save a good deal of head 
scratching and program bytes in some routines. But now, the all 
important addressing modes, key to the amazing performance! 

As usual | must warn against comparing processors on the basis 
of how many addressing modes the manufacturer claims to have 
incorporated, but by any standards the 6809 is very well endowed. 
Motorola generally claim ten modes for this processor which is 
either a modest claim or they ran out of fingers, because the tally 
appears to me to be at least fourteen and possibly as many as 
twenty when compared with the claims made for other chips like 
the 6502. It is true, however, that ten major modes can be iden- 
tified and that the others could be considered sub-modes. Taking 
the ten main modes in order: 


1) INHERENT is really the same as the 6800 IMPLIED mode 
wherein the opcode itself implies any necessary addressing 
information, 

2) IMMEDIATE is as used by the 6800, the 8080 et al, and 
means that the 8 or 16 bit data is to be found immediately 
after the opcode in the program memory area. 

3) EXTENDED is exactly like the 6800 mode of that name, and 
means that the 16 bit address of the location of the data is to 
be found after the opcode in the program memory area. 

4) EXTENDED INDIRECT is a new mode which allows indirect 
addressing via memory (rather than a register). In this case the 
16 bit address following the opcode points not to the location 
of the data but to the location of the address of the data. 

5) OIRECT ADDRESSING is just like the 6800 mode of this 
name but with the added feature of the Direct Page register 
which allows any page in memory to be used as the relevant 
Page rather than just page zero. 

6) REGISTER ADDRESSING was handled by the IMPLIED mode 
in the 6800 but is necessary in the 6809 because of the 
greatly expanded range of register operations provided by the 
new device. In this case the byte following the opcode con- 
tains a reference to one or more registers to be used in the 
operation. 

7) INDEXED ADDRESSING has been greatly expanded over the 
limited facilities provided by the 6800. This is a form of 
register-indirect addressing which can utilise any of the 16 bit 
pointers including X, Y, U, S and sometimes even the PC. In 
general an address is calculated by adding the contents of a 
pointer register to an offset but with the 6809, five basic sub 
modes are now available as follows: 

ZERO OFFSET just implements register indirect addressing 
and does not use an offset value. 

CONSTANT OFFSET is similar to the 6800 INDEXED mode 
except that the offset can be a twos complement number 5, 
8, or 16 bits in length following the opcode. This gives in- 
structions two, three, or four bytes in length but has much 
more flexibility than the 6800 version which always uses an 
8 bit offset. 
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6809 INSTRUCTION SET 


8-BIT ACCUMULATOR AND MEMORY 


Mnemonic(s) Operation 


ADCA, ADCB Add memory to accumulator with carry 
ADDA, ADDB Add memory to accumulator 
ANDA, ANDB Add memory with accumulator 
ASL, ALSA,ASLB Arithmetic shift of accumulator or 
memory left 
ASR, ASRA, ASRB_ Arithmetic shift of accumulator or 
memory right 
BITA, BITB Bit test memory with accumulator 
CLR, CLRA,CLRB~ Clear accumulator or memory location 
CMPA, CMPB Compare memory from accumulator 
COM, COMA, COMB Complement accumulator or memory 
location 
DAA Decimal adjust A-accumulator 
DEC, DECA, DECB Decrement accumulator or memory 
location 
EORA, EORB Exclusive or memory with accumulator 
EXG R1, R2 Exchange R1 with R2 (R1,R2 =A, B, 
CC, DP) 
INC, INCA,INCB = Increment accumulator or memory 
location 
LDA, LDB Load accumulator from memory 
LSL,LSLA,LSLB Logical shift left accumulator or 
memory location 
LSR,LSRA, LSRB Logical shift right accumulator or 
memory location 
MUL Unsigned multiply {A x B—D) 
NEG, NEGA, NEGB_ Negate accumulator or memory 
ORA, ORB Or memory with accumulator 
ROL, ROLA, ROLB- Rotate accumulator or memory left 
ROR, RORA, RORB Rotate accumulator or memory right 
SBCA, SBCB Subtract memory from accumulator 
with borrow 
STA, STB Store accumulator to memory 
SUBA, SUBB Subtract memory from accumulator 
TST, TSTA, TSTB_ = Test accumulator or memory location 
TFR, R1, R2 Transfer R1 toR2(R1,R2=A,B, 
cc, DP) 


NOTE: A, B, CC, or DP may be pushed to (pulled from) either 
stack with PSHS, PSHU, (PULS, PULU)} instructions 


16-BIT ACCUMULATOR AND MEMORY 
Mnemonic(s) Operation 


ADDD Add memory to D accumulator 
CMPD Compare memory from D accumulator 
EXG D,R Exchange D with X, Y, S, U or PC 
LDO Load D accumulator from memory 
SEX Sign Extend B accumulator into A 
accumulator 
STD Store D accumulator to memory 
SUBD Subtract memory from D accumulator 
TFRD,R Transfer D to X, Y, S, U or PC 
TFRR, D Transfer X, Y,S, U or PC toD 
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INDEX REGISTER STACK POINTER 


Mnemonic(s) 


CMPS, CMPU 
CMPX, CMPY 
EXG R1,R2 


LEAS, LEAU 
LEAX, LEAY 


LDS, LOU 
LDX, LDY 
PSHS 


PSHU 
PULS 
PULU 


STS, STU 
STX, STY 
TFR R1, R2 


ABX 


BCC, LBCC © 
BCS, LBCS 
BEQ, LBEO 
BGE, LBGE 
BGT, LBGT 
BHI, LBHI 
BHS, LBHS 
BLE, LBLE 
BLO, LBLO 
BLS, LBLS 
BLT, LBLT 
BMI, LBMI 
BNE, LBNE 
BPL, LBPL 
BRA, LBRA 
BRN, LBRN 
BSR, LBSR 
BVC, LBVC 
BVS, LBVS 


ANDCC 
CWAI 


NOP 
ORCC 

JMP 

JSR 

RTI 

RTS 

SW1,SW12, SW13 

SYNC 


Operation 


Compare memory from stack pointer 
Compare memory from index register 
Exchange D, X,Y, S, U or PC with D, X, 
S, ¥,U or PC 

Load effective address into stack pointer 
Load effective address into index 
register 

Load stack pointer from memory 

Load index register from memory 

Push any register(s) onto hardware 
stack (except S) 

Push any register(s) onto user stack 
(except U) 

Pull any register(s) from hardware stack 
(except S) 

Pull any register(s) from hardware stack 
(except U) 

Store stack pointer to memory 

Store index register to memory 
Transfer D, X,Y, S, Uor PC to D, X,Y, 
S, U or PC 

Add B accumulator to X (unsigned) 


BRANCH 


Branch if carry clear 

Branch if carry set 

Branch if equal 

Branch if greater than or equal (signed) 
Branch if greater (signed) 

Branch if higher (unsigned) 

Branch if higher or same (unsigned) 
Branch if less than or equal (signed) 
Branch if lower (unsigned) 

Branch if lower or same (unsigned) 
Branch if less than (signed) 

Branch if minus 

Branch if not equal 

Branch if plus 

Branch always 

Branch never 

Branch to subroutine 

Branch if overflow clear 

Branch if overflow set 


MISCELLANEOUS 


AND condition code register 

AND condition code register, then wait 
for interrupt 

No operation 

OR condition code register 

Jump 

Jump to subroutine 

Return from interrupt 

Return from subroutine 

Software interrupt (absolute indirect) 
Synchronise with interrupt line 
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ACCUMULATOR OFFSET uses an 8 or 16 bit offset stored 
in the A, B or D registers and allows the offset to be 
calculated at run time rather than be stored with the 
program as was the case with CONSTANT OFFSET. 

AUTO INCREMENT is like ZERO OFFSET except that after 
the pointer register has been used it is incremented by one 
or two so that byte or word organised tables can be stepped 
through automatically—very useful. 

AUTO DECREMENT is just like the previous mode except 
that the pointer is decremented. 


8) INDEXED INDIRECT is a mode used jn addition to one of the 
indexed modes already covered. In this case the address 
formed by the indexed mode does not point to the location of 
the data in memory but to the location of the address of the 
data in memory. You may remember that the 6502 has a 
limited capability in this respect. 


9) RELATIVE ADDRESSING allows jumping forwards or 
backwards in memory relative to the program counter and is 
available on the 6800. For the 6809 the range has been exten- 
ded to include 16 bit offsets in addition to the 8 bit variety of 
the 6800, so that the whole of memory can easily be covered. 
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PROGRAM COUNTER RELATIVE sounds just like the previous 
mode but in this case it applies not just to branch instructions 
but also to the load and store variety too, so that data tables 
related to a particular routine can be referenced not by an 
absolute location address but by their current distance from 
the program counter value. This mode, together with the 
previous relative mode, provide a pathway to the program- 
mer's dream of position independent code, a subject worthy of 
additional comment: 


The 6809 is the only 8 bit microprocessor which allows the 
programmer to produce programs which will run anywhere in 
memory without any need for re-assembly or address modification, 
all thanks to its extensive relative addressing capability. By 
avoiding the use of the EXTENDED and DIRECT modes, and relying 
on the two RELATIVE modes it is possible to write software 
modules of any size which can be loaded and run anywhere in the 
64K address range, even after they have been committed to ROM 
or EPROM. For the first time, people with quite different 6809 
systems can exchange ROM based software and be sure of success 
because the ROMs can be mapped anywhere, a very great advance 
which makes ROM based software as general purpose as, say, a 
UART chip. 

As you can see, the 6809 instruction set takes a lot of beating, 
but it does have some let-downs which should not be glossed over. 
The Z80 has a large array of instructions for setting, resetting, and 
testing individual bits in memory, the 6809 does not. There are no 
four bit BCD shifts either, and no macro-instructions for moving 
and testing whole blocks of memory, like those of the Z80. These 
factors should be considered when choosing a processor for a par- 
ticular job. 


SOFTWARE 

Although the 6809, like most other microprocessors, is general 
purpose in nature, it must be said that it has been optimised for 
data processing and high level languages rather than for controller 
type applications. For this reason we must keep the personal com- 
puter firmly in mind when assessing its software potential. Despite 
the elegance and power of the 6809 instruction set it does lack one 
great strength which the less powerful 8080 and Z80 processors 
enjoy, namely a universally accepted disc operating system like 
CP/M with a huge software repertoire. This must be taken into 
account when making a choice. 

On the plus side, the sheer power of the 6809 opens up the 
prospect of much better operating systems than CP/M, and in par- 
ticular versions of the famous Bell Labs UNIX DOS which has 
become a firm favourite with mini computer users. 

The British designed CONCEPT-09 microcomputer, for example, 
uses the FLEX operating system which provides access to the 
BASIC, PASCAL, and FORTH languages in addition to a Macro 
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assembler. The CONCEPT-O9 also represents very good value for 
such a powerful system at the current price of £995 including dual 
mini-floppy drives and the FLEX DOS. 

Motorola themselves do not produce personal computers as 
such, but they do have a 6809 development system, the EXORSET 
30A with their own general purpose DOS, two versions of BASIC, 
and PASCAL available. 

At the other end of the scale comes the 6839 ROM chip which 
contains 8K bytes of floating point math firmware which is written 
in relocatable code so that it can be positioned anywhere in the 
memory map. This device would give any homebrew system a fly- 
ing software start! 


INTERFACING 

The 6809 is a 5V NMOS device with an on-chip clock oscillator, 
and has a bus interface which is identical to that of the 6800 with 
the exception of one additional fast interrupt (FIRQ} and some new 
control lines for increased application flexibility. The 6800 style in- 
terface is a big asset to the 6809 because it allows the use of all of 
the existing family of 68 series and 65 series peripheral devices, 
and as mentioned in the 6800 file article, these tend to be cheap in 
comparison with their 8080 and Z80 equivalents. To overcome 
some of the short-comings of the basic 6800 bus however, some 
extra control signals have been provided. 

Bus timing is controlled by pins E and Q. E was available on the 
6802 and was 02 on the 6800, but Q is a quadrature clock which 
leads E by one quarter of a bus cycle. Address information is valid 
with the leading edge of Q, whereas data is valid on the trailing 
edge of E. 

Two clock control inputs are now available which are absent on 


the 6800. DMA/BREO halts the processor internally and tri-states | 


the bus during DMA transfers or dynamic RAM refresh operations, 
and MREADY (equivalent to RDY on the 6502) can be used to 
extend allowable memory access time when pulled low. 

In addition to the BA (Bus Available) pin of the 6800 there is 
now a BS (Bus State) pin. When decoded with the BA output, the 
BS pin indicates which of four possible states the processor bus is 
in, rather like the SO S1 pins on the 8085. These decoded states 
can be used as additional bus control lines, for example an 
“Interrupt Acknowledge” is available for the first time in the 6800 
family. 

The TRO and NMI interrupts are the same as those on the 6800 
and use the same vectors in high memory. They are joined by a 
new interrupt FIRO which has been described earlier. The vector for 
FIRQ is stored in FFF6H, FFF7H. As we saw with the 6502 family, 
an on-chip clock can be a nuisance in multi-processor systems with 
two or more tightly coupled CPUs. The 6502 used alternative ver- 
sions for these applications, and now Motorola has followed suit 
with the 6809E version of the 6809 which has been optimised for 
multiprocessor applications by means of extra control lines and an 
off-chip clock. 

With 64K memory chips now available at low cost, a 64K 
memory addressing range, which once seemed so generous, is 
beginning to seem cramped. Motorola stayed with a 16 bit address 
for simplicity, but they have produced a Memory Management Unit 
(MMU) peripheral chip, the 6829, which carries out memory pag- 
ing to increase the range to 2M bytes. That should be sufficient for 
most homebrew systems, at least for a while! 

In summary, the extra bells and whistles provided by the 6809 
interface have done a creditable job in transforming the over- 
simple 6800 bus into a more powerful variant. Despite these new 
features, however, the bus and its available peripheral devices still 
lags behind the Z80 with its sophisticated interrupt scheme. 


APPLICATIONS 

Any exciting 6800 or 6502 family users will be delighted with 
the elegance, power, and compatibility of the 6809 processor, 
and could do no better for their new design or their new ready-built 
personal computer. 

Existing 280 users probably won't need to swap, and can afford 
to wait for the Z800 for their upgrade! Anyone new to the subject 
should consider the 6809 very carefully because it is easy to learn, 
economical to use, and very powerful. | for one, wish it every 
success! 
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‘popular phasing musical effect is produced using a 
filter which has one-or-more notches of deep:attenuation 
at are automatically swept up and down over the audio 

frequency range. The two normal methods of obtaining this 
effect are to use either a delay-line or phase shift networks 
to generate an output which is out-of-phase with the input 
at certain frequencies, and then by simply mixing the input 
and output signals the required notches of high attenuation 
are produced by a simple cancelling process. 

This phaser unit uses a simple alternative which is made 
possible by the advent of practical switched capacitor filters, 
and the unit is built around the two filters of this type in the 
MF10CN device. Each half of the MF1OCN actually has two 
filter sections plus some additional circuitry so that two 
state-variable filters are produced using a single MF10OCN, 
and depending on the mode of operation selected these 
each provide notch, bandpass, and lowpass outputs, or 
highpass, bandpass, and lowpass outputs. 


417 N BP 
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Fig. 1. Block diagram showing one section of the 
MF10CN 


Fig. 1 shows in block diagram form one section of the 
MF1OCN, and this also shows the mode of operation em- 
ployed in this project. The MF10OCN has a 20 pind.i.|. plastic 
package, and the diagram shows the pin numbering for one- 
half plus the equivalent pin numbers for the other half, in 
brackets. Pin 15 is common to both halves of the device. R1 
and R2 are used to set the closed loop voltage gain and in- 
put impedance of the input operational amplifier at suitable 
figures, and R3 introduces negative feedback from the 
bandpass output which produces the required notch 
response at the output of the operational amplifier. The Q of 
the filter is determined by the value given to R3. 


BLOCK DIAGRAM 

Fig. 2 shows the block diagram for the entire unit. As its 
name implies, a switched capacitor filter consists of elec- 
tronic switches which connect the input signal to (and dis- 
connect it from) the filter capacitors, and the switching rate 


is determined by a Clock signal, This type of filter is very 


useful since the operating frequency of the filter is directly 
related to the clock frequency, and for the MF1OCN the 
operating frequency can be either one-hundredth or one- 
fiftieth of the clock frequency. By making the clock fre- 
quency adjustable, the operating frequency of the filter can 
be controlled, and by using a voltage controlled oscillator 
{V.C.0.} to provide the clock signal the operating frequency 
of the filter can be automatically swept up and down using a 
low frequency oscillator to provide the control signal. 
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Fig. 2. Block diagram of entire unit 


In this design the two filters of the MF1OCN are connec- 
ted in series and are obviously used as notch filters. A simple 
lowpass filter is used at the input to eliminate any r.f. signals 
which might otherwise be fed into the input due to stray 
pick-up, and which could heterodynes with the clock signal 
or its harmonics. The clock signal only breaks through to the 
output at a low level (about 10mV r.m.s.) and is not likely to 
cause any problems, but another low pass filter is used at 
the output to further attenuate the clock signal. 

The clock signal is generated by a simple V.C.O. Which is 
controlled by a low frequency oscillator having a roughly 
triangular output waveform. Obviously the two filters must 
provide notches at different frequencies, and the two simple 
ways of achieving this are to either use separate clock os- 
cillators with a common sweep oscillator or to feed the out- 
put of the V.C.O. to a divider circuit to produce a second, 
lower frequency clock signal. In practice, the second method 
seems to be the cheaper and more satisfactory solution, and 
is the one adopted in the final circuit. A divide by four circuit 
puts the two notches a couple of octaves apart, and in prac- 
tice this spacing seems to be about optimum. 


THE CIRCUIT 

The circuit of the filters is shown in Fig 3, and Fig 4 shows 
the circuit diagram of the sweep oscillator, V.C.0., and 
divider stages of the unit. 

C2 gives d.c. blocking at the input and R3 plus C3 form a 
simple r.f. filter. R4 and R5 set the input impedance and 
voltage gain of the first notch filter at 33k and unity respec- 
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tively, and R6 gives the filter a fairly low Q value. Making R6 
higher in value gives a higher Q value, but the notch 
produced then tends to be so narrow that the phasing effect 
becomes barely noticeable with most signal sources. A 
lower value for R6 gives reduced Q and broader notches 
which give a more extreme effect, and if desired constuctors 
can experiment with the value of this resistor in order to ob- 
tain the effect that they consider to be most suitable. The 
output of the first notch filter is direct coupled to the input of 
the second filter, and this second stage is identical to the 
first. R10 and C4 form the output lowpass filter and C5 gives 
d.c. blocking at the output. S1 enables the circuit to be 
bypassed when the phasing effect is not required. 

The MF10OCN has a number of terminals which must be 
connected to the appropriate voltages in order to obtain 
correct operation of the filters. Pins 13 and 14 are negative 
supply terminals for the digital and analogue circuits of the 
device respectively, and pins 8 and 7 are the equivalent 
positive supply terminals. These two sets of supply terminals 
can be decoupled separately, or simply wired together as in 
this case. Pin 6 controls the switch in each half of the device 
{see Fig. 3), and in the filter mode used here it must be taken 
to the positive supply voltage. Pin 9 is the level shift input, 
and for single supply operation this is connected to the 
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Fig. 4. Circuit diagram of the sweep oscillator, V.C.O, and divider stages 


negative supply rail. The device is then compatible with TTL 
and CMOS clock signals. 

A number of pins are biased to half the supply potential, 
including pin 15 which connects to the non-inverting inputs 
of the operational amplifiers in the device. Pins 5 and 16 are 
unused inputs of the MF1OCN and must be biased to half 
the supply voltage in order to give proper operation of the 
circuit. Pin 12 is the 50/100 clock input and is tied to half 
the supply potential to give a filter operating frequency 
which is one-hundredth of the clock frequency (as in this cir- 
cuit), or high to give an operating frequency which is one- 
fiftieth of the clock frequency. Having the clock at one hun- 
dred times the filter frequency is advantageous in this ap- 
plication since it enables the lower frequency notch to be 
swept down to around 200 Hz without the clock coming 
down into the audio frequency range and producing audible 
breakthrough. A minimum notch frequency of only about 
400 Hz is possible with the clock at fifty times the filter's 
operating frequency. 


CLOCK AND SWEEP OSCS. 

The sweep oscillator uses IC4 in a well-known configura- 
tion, and R16 is given a comparatively low value so that the 
circuit has a high enough voltage swing across C9 to give an 
adequate sweep range from the V.C.O. The non-linear 
triangular waveform across C9 is at a very high impedance, 
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but loading on this by the input of the CMOS V.C.O. is 
negligible. 

The V.C.O. uses the 4046BE CMOS device which is ac- 
tually a low power phase locked loop, but this makes an ex- 
cellent V.C.O. if the phase comparators are just ignored. The 
only two discrete components required are C8 and R11 
which set the operating frequency range of the oscillator. 

The divide-by-four circuit is a CMOS 4013BE dual D type 
flip-flop which has each section connected as a straight- 
forward divide-by-two circuit, and they are connected in 
series to give divide-by-four operation. 


Phaser Unit 
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The MF1OCN is designed for use with either dual 5 volt 
supplies or a single 10 volt supply, but it will operate 
satisfactorily down to a supply voltage of + 4 volts or 8 
volts, and can therefore be used with a 9 volt battery supply. 
The average current consumption of the circuit is approx- 
imately 8mA. 


| COMPONENTS . . . 


“\Hesistors 


5k6 

1k8 
R4:R5,R7 RB 33k (4 off) 
RE,RO 22k (2 off} 
Rid 470 
Ri4 ~ 15k 
R12 2k2 

~ RIZR14 56k (2.0ff} » 

R15 27k 
R16 4k? 

Allresistors {W 5% carbon 


470k logarithmie carbon 


Ay7'63V axial elect 
2p2°63V axial elect 
220p ceramic 
10n polyester 
10u 2.5V radial elect 
100p 4 OV-axial elect 
100n polyester 
C8610 33p'céramic plate 2% (2:off) 
cg 10n°4 6V tantalum 
Semiconductors 
{Ci MF10CN (Rapid Electroni¢s} 
1c2 4013BE 
IC3 4046BE 
IC4 CA34130T or CA3130E 


‘Miscellaneous 
SK 1/S2 Standard 6-35mm Jack withd.p.d.t. 
contacts 
$K2 Standard 6-35mm jack socket 
$1 d.p.d.t. heavy duty push button 

‘ switch ©. 
B4 9 volt PP3 battery’and connector 
150x80x50mm_ diecast. ‘aluminium= box {M.E-S.. -type 

DCM5005 or similar). Printed circuit board. Control»knob. 


Veropins..i.c. sockets, wire, etc. 


Fig. 5. Wiring diagram. 
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CONSTRUCTION 

S1 is a heavy-duty push-button switch which is fitted cen- 
trally on the top panel of the case so that it can be operated 
by foot. It is necessary to use a strong case since it will have 
to withstand a fair amount of pressure each time S1 is 
operated, and a diecast aluminium box measuring 150 by 80 
by 50mm is ideal. The two sockets and VR1 are mounted on 
one of the 150 by 50mm sides of the case. 


wet Ae 


P.C.B. withdrawn from unit showing component 
assembly 


Fig 5 shows the wiring of the potentiometer, sockets and 
foot switch; the corresponding designations being shown in 
Fig 7 with the component layout. Fig 6 shows the p.c.b. 
design. There is ample space within the unit to house the 
PP3 battery which should be securely positioned. All four in- 
tegrated circuits are CMOS types and the usual MOS hand- 
ling precautions should be observed when dealing with 
these. SK1 has d.p.d.t. contacts, but these are only used 
here as a single set of make contacts which automatically 
switch the unit on when a jack plug is inserted into SK1. 
However, on/off switch S2 can be a separate switch if 
preferred. VR1 controls the phasing speed, and this is a 
logarithmic potentiometer used in reverse (i.e. clockwise 
rotation gives a decrease in phasing rate). This control 
covers a wide frequency range of about 0-1 Hz to 10 Hz, and 
this method gives easier control of the phasing speed than 
that obtained using a linear potentiometer, especially at the 
high frequency end of the range. Note that IC3 has the op- 
posite orientation to the other three integrated circuits, and 
that this device could easily be damaged if the unit is 
switched on with it connected the wrong way round. 

If the specified case is used the printed circuit board will 


Final assembly showing P.C.B. in position 
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Fig. 6. P.c.b. design 


1C3 


: 
EGI020 
B1-¥E 


Fig. 7. Component layout and wiring 
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(or one month later for overseas readers). 


slot into place in the guide rails at the rear of the case. There dred millivolts r.m.s. or more it will provide a good signal to 
is ample space for mounting holes to be drilled in the board noise ratio of 60dB or better. The maximum input level the 
if a different case is used. unit can handle without clipping and producing severe dis- 
Provided the unit is used with an input level of a few hun- tortion is more than adequate at about 2 volts r.m.s, * 
PE SPECIAL CASSETTES OFFER Easy to build projects tor everyone 
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90p each (minimum of 5); 80p each 56p each (minimum of 5); 53p each 
(minimum of 25) (minimum of 25). 
CRO2 C90 CASSETTES Our Sister Publication 
115p each (minimum of 5); 105p each PRICES INCLUDE VAT AND EVERYDAY ELECTRONICS 
{minimum of 25} PORTAGE, features the following projects in 
These European-made tapes are excellent value and we are pleased to offer them to the April issue: 
readers. They are covered by a money back guarantee (return within 21 days for refund). Not 
only are the tapes of high quality but the cassettes are of screw together construction and the PROJECTS 
case labels have space for notes on the recordings. ; 
Send valid coupon to: TEST GEAR 83 — Unit 2: 
Videotone Ltd., 98 Crofton Park Road, Crofton Park, London SE4.. FUNCTION GENERATOR 
js mm ree cam aces veh ee ee ee ee ee SINCLAIR SPECTRUM — 
I Please send me ....... CRO2 C60 Audio cassettes at ....... p each (90p for 5 to 24, 7 BLEEP AMPLIFIER 
[ 80p for 25 or more; including VAT and postage}. | FLANGER EFFECTS BOX 
| Please sendme ...... CRO2 C90 Audio cassettes at ...... p each (115p for 5 to 24, | CAR RADIO POWER 
105p for 25 or more; including VAT and postage). BOOSTER 
l o Please send me ...... C9OLH Audio tapes at ...... p each. (56p for 5 to 24, 53p for | 
] § 25 o0rmore; including VAT & postage.) | NEW SERIES 
al 
] © enclose cheque/PO for £...........ccccceeceeeseeeveees ING. ccicta Wesapews yossh Stncacadles | ELECTRONICS AND THE 
| bs | r ELECTRON —1 
« PERTTI hve tl oimisee Be Sow ees Ha Ke rinee 4559 cae Oks WOREa Aa eDORKSa KMGa Me aaRIARIQEE EPR TERS RRRNERE Soe ALSO 
Eee NIN cere cit aaeiRikan aaa nh es RE ata EN emediabcioe cae { CIRCUIT EXCHANGE 
BF seepage toast sd etlatceusnsesncneanedesdcc-uamnces oeneeaniaseannaaasfees | | A forum for readers ideas 
18 1 
9 Pe er ee eee er eee Cree oe Tree eee ee er ei APRILISSUE 
BO a2 aise ace Neuastan sai cog A Donn ee ale cei eetn chaste nbaiaes pemseipsad hice aeaae es | ON SALE MARCH 18 
| Coupon valid for posting before 8 April ‘83 I Place an order with your news- 


Practical Electronics April 1983 43 


oee 


THE EXTRA-TERRESTRIAL 
PROBLEM a 

In this issue of Spacewatch we will deal 
with the question of extra-terrestrial in- 
telligence. It must be made clear that this does 
not mean that it is proposed to deal with UFO 
sightings, or the value of reports which come 
into various centres at a rate in excess of one 
hundred a week. To avoid confusion it is 
necessary to clarify the origins of the phrases 
‘Flying Saucer’ and ‘Unidentified Flying Ob- 
ject’. The term ‘Flying Saucers’ probably 
originated from a ‘recorded’ sighting early in 
the last century in southern United States, 
when a farmer described an object as, “It 
looked like a cup saucer”, After that reports 
were frequent which led to speculation on 
“Flying Saucers”, Because so many of such 
reports were the result of faulty observation or 
imagination, it was decided to rename all 
sightings and call them—*Unidentified Flying 
Objects.” By that time many more frequent 
reports were coming in and unfortunately the 
new name made the situation worse because 
instead of making the claims for seeing flying 
saucers, the reports were of UFO’s, which 
became synonymous with “Flying Saucers” 
throughout the media. The meeting which 
made this brave attempt to regularise matters 
in 1947 led to an enormous increase in 
sightings. 

It is often mistakenly stated that, if a large 
number of people “see” something and 
describe it similarly then it means that such an 
event must be true and accepted. This is still 
the case, even now, when there is so much 
evidence of the extreme lack of reliability in 
these observations. How then to deal with the 
subject of the possibility of extra-terrestrial in- 
telligence. The first step is to decide the place 
from which the experiment is to be carried out. 
This must, if dictated by the Einstein view of 
the cosmos, be from the Solar System. At the 
present state of knowledge in matters of com- 
munication the electromagnetic spectrum 
determines the limits. Such an attempt began 
in 1974 from the 1,000ft. diameter radio 
telescope at Arecibo, Puerto Rico. The signals 
were directed to a globular cluster of about a 
million suns, known to astronomers as 
Messier 13. It will take about 24 thousand 
years for the coded signal to reach that 
vicinity and the time at least, for a return 
signal to be received back on Earth will also 
be 24 thousand years. This serves to 
emphasise the limitations of the system of 
communication. Within the solar system itself 


there are time delays in communications that 
are necessary, even for the short distance to 
the moon, and from the Voyager spacecraft 
still longer delays, increasing as time goes by. 

The original project for the search was 
known as Ozmar and was organised by Frank 
Drake, then at Greenbank, West Virginia. It 
operated between 1959 and 1960—a coded 
signal was sent out in the direction of Epsilon 
Eridani and Tau Ceti and this was continued 
for only a few weeks. Of course there was not 
much success and the co-operation was 
lukewarm. In any case a few weeks was not 
likely to afford much data since, ideally at 
least 100 thousand or so stars would need to 
be studied. Later the construction of a 600 
foot dish was begun and this project failed but 
a number of other attempts were made and 
because there was little enthusiasm, not many 
people had much interest in the matter. There 
is a project in Canada, and the Russians have 
a station which has now been turned into a full 
scale search with the RATAN-600 telescope. 
Half the observing time is spent on extra- 
terrestrial work with this telescope. Now that 
a much wider view of the matter is taken, and 
with the development of improved receiving 
techniques together with spaceborne 
telescopes, much more can be done. In spite of 
all this it is difficult, under present thinking, to 
lay down a definite programme which could 
offer positive proof within a lifetime. 

Another project which has been partly 
carried out for reaching deep into space, is an 
American venture. This when completed will 
consist of a ‘Mills Cross” so named after the 
originator B. Y. Mills from Australia. This is 
in the form of a number of lines of parabolic 
dishes set up in the form of a cross, each arm 
being 12-5 miles in extent. This will behave as 
though it is in fact a 25 mile diameter dish. 

It would be even better if one telescope was 
on the Moon and the other on Earth, and 
better still if there was one also on Mars. 
However all this makes certain suppositions 
which might be set out as; 

—The manner of thinking must be the same 
as the Earth’s inhabitants 

—tThey must be at the same stage of develop- 
ment as the Earth is. In the case of the Messier 
13 cluster this would mean that the inhabi- 
tants of a planet would have existed 24 thou- 
sand years before our time unless they have at 
the time of the arrival of the signal from Earth, 
a system of communication which could cover 
all future developments and still conform to 
the present theories used on Earth. This is an 
unknown, That being the case then any pro- 
ject has to make certain assumptions. In the 
projects so far suggested or attempted it has 
been assumed that any other beings would be 
humanoid like ourselves and have the same 
physiology. This had to be, though there were 
those who suggested that no matter what the 
form, the physics of the universe must be 
readable in terms of mathematics. This latter 
assumption is not justified on the present state 
of knowledge. There is not enough space in 
one issue to deal with this at length but suffice 
to say for the moment that Any alternative 
view has to depart from mathematical con- 
cepts based on the work of Einstein. This is a 
matter which still exercised the great man’s 
mind until his death. 

So far although the Universe as a whole has 


been mentioned as a source for the possible 
signals from extra-terrestrials, it is perhaps 
wise to look at the problem from the point of 
view of the Solar system and our own Galaxy. 
Consider then that in our Galaxy which has 
spiral arms and rotates. The extent of Galaxy 
is about 100,000 light years in diameter and at 
its thickest part is about 20,000 light years. 
The Solar system is situated at a point some 
32,000 light years from the galactic centre. 
Since the Solar system rotates with the galaxy 
it takes something around 225 million light 
years for the Solar system to complete this 
journey. The total number of stars is enor- 
mous and they are in various states of birth, 
growth and death. Among the many millions 
of stars suppose there are one million which 
with a developed technology would use the 
electromagnetic spectrum as a means of com- 
munication. Let the distribution be random 
and the average distance between them be of 
the order of 300 light years. With communica- 
tion techniques available to the denizens of the 
Earth the shortest time for a signal to be sent 
and an answer received is 600 years. If it is 
assumed that during the period that attempts 
have been made to transmit coded signals, 
deliberately made that is, somewhere the 
signal is received and returned. In order that 
that signal may be received the same techni- 
que must remain in operation on Earth as that 
used for the original transmission. This raises 
many serious problems. 

It will be necessary to install a receiver 
which will continuously operate from some 
specially built station timed to come into 
operation in 600 years time from transmission 
of the original signal. The technology will need 
to be the same as that of the original transmis- 
sion. This requires that the site shall not, for 
that period be disturbed by effects no matter 
what the cause, terrestrial, extra-terrestrial or 
internal earth changes. The power supplies 
must be able to have survived and in working 
order no matter what may have happened in 
the vicinity of the site. Records and 
operational instructions must be known and 
available. This would be extremely costly and 
subject to the frailties of the inhabitants of the 
Earth. So many sources of change are not 
only from the natural development but from 
political and religious cults. Indeed it is long 
enough beyond a single span of a lifetime even 
with the inevitable increase of that life span to 
double the norm in the foreseeable future, This 
is the real point; it is unlikely that funds to ex- 
ecute and maintain such a project would be 
forthcoming. Is there another solution? 

One that springs to mind is the possibility 
of a beacon in the form of a long time scale 
satellite with a life to be determined. Since the 
present techniques available make this an or- 
dinary matter it leaves the problem at the 
point of the technology of the receiving unit. 
Power is continuously available with back-up. 
The question left is continuous operation, this 
also is within forseeable control. The ground 
station however remains or at least an ap- 
paratus is preserved to be brought into use 
unless of course the population is moved to a 
permanent abode on a space station which 
encloses the Earth. 


Frank W. Hyde 
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PE MICROCONTROLLER: DATA SHEET 3 


DISPLAY MODULE 

HE display module in the Microcontroller is a 

multiplexed 9-digit Futaba gas discharge unit, type 
9-LT-03. In the original application two such units, 
each mounted on separate p.c.b.s, were connected in 
parailel to each controller board. On the display p.c.b. 
digit number 8, the apostrophe and comma are sup- 
plied unconnected. In the Microcontroller pins 7 and 
22 have been connected together to form the display 
field separator characters, and hence digits 3 and 8 
will always have the same indication. 

In order to illuminate any particular display segment 
it is necessary to set the appropriate digit select line 
(PB@ to PB7 on IC12) to a logic ‘1, and then set the 
corresponding segment select line (PA@ to PA7 on 
1C12) to a logic ‘1’. Any number of segments/digits 
may be selected at a particular instant, but all selected 
segments in all selected digits will be illuminated 
simultaneously, so the display driver in DISBUG scans 
each digit in turn. In addition, the period for which a 
digit is selected must be chosen to avoid visible flicker, 
but not be so fast as to render the overall display un- 
readable. The DISBUG monitor routines which provide 
these facilities will now be described. 
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DISPLAY SCAN ROUTINE 

The Microcontrollers display is scanned by a sub- 
routine called DISPLAY. This routine includes a delay 
to cause each digit to be illuminated for approximately 
2 milliseconds, before moving on to the next digit. 
DISPLAY assumes that the display PIA has been 
correctly set up by the DISBUG initialisation routine 
(which is executed automatically at power-up), and it 
uses a maximum of six bytes of stack space. The scan 
routine is called by ‘JSR DISPLAY’, which is coded as 
BD F8 14. There are no entry or exit parameters 
passed in the CPU registers, and all registers except 
SP are corrupted by the routine. 

The display is actually scanned once each time DIS- 
PLAY is called, with digits 1 to 7, and 9 illuminated in 
turn. The character displayed at each digit position is 
determined by reading the DISBUG RAM locations 
O3F8 to O3FF; the locations are used to drive the dis- 
play PIA as shown in Table 1. Each bit position corres- 
ponds to one of the segments ‘a’ to ‘g’ or the decimal 
point, and so a wide range of characters may be dis- 
played, e.g. a code of EC would display ‘H’, and a code 
of E8 would display ‘h’. The display table locations 
may be written to directly (e.g. CLR to location O3FA 
will blank digits 3/8), or the routines describe below 
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may be used to insert display codes for numeric values 
into the display table. 

In order to produce a stable display, user programs 
should ensure that DISPLAY is called regularly within 
the infinite loop of the control program, otherwise the 
display will flicker or be erratic. The way in which DIS- 
BUG uses this routine is shown in Part 3 of the 
Microcontroller series. 


PIA Line 


Memory 
bit 


Table 1. DISBUG display table format 


CONVERSION ROUTINES 

The information provided above is sufficient to allow 
any character which can be represented by the 
available segments to be displayed. The process is 
simply a matter of inserting the appropriate code into 
the display table, and then calling DISPLAY. A very 
common requirement is to display a numerical value 
which may be held in a register or memory/PIA loca- 
tion. This task may be greatly simplified by the use of 
two routines provided within DISBUG. 

The first routine is DIGIT and is called via ‘JSR 
DIGIT’, which is coded as BD F8 DO. The routine con- 
verts the number in the least significant four bits of rA 
into the appropriate display code, and then inserts this 
code into the display table at the address contained in 
the index register. Thus, for example, if DIGIT is called 
with rA = 4B, and In = O3F8, then the routine will in- 
sert the value ‘F8’ (the display code for ‘B’) in location 
O3F8 (the display table entry for digit 1). DIGIT uses 
one byte of stack space, and preserves all register 
values except the index register, whose contents are 
incremented by one. 

The second routine is TWODIG and is called via 
‘JSR TWODIG’, which is coded as BD F8 F7. This 
routine converts the number in rA into two display 
codes, and inserts the code representing the LS 4 bits 
of rA in the location indicated by the entry value of In, 
and then inserts the code for the MS 4 bits of rA in the 
next location. In the example above, a call to TWODIG 
rather than DIGIT would result in a code of ‘F8’ in 
location O3F8 and a code of ‘CC’ (for 4’) in O3F9. 
TWODIG uses three bytes of stack space, and 
preserves all register values except the index register, 
whose contents are incremented by two. 


M. Tooley BA and D. Whitfield MA MSc. 
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For applications such as the voltage control of oscillators, 
attenuators etc, the digital to analogue converter will be 
able to directly drive an externally connected load. The 
minimum recommended value of load resistance is, 
however, 1kohm for the normal output (Voyt) and 1000hm 
for the complementary output {Vout}. Note that, since the 
complementary output exhibits a lower output impedance 
than the normal output, in some applications its use is to be 
preferred. In such cases it will, of course, be necessary to use 
the 1's complement of the data word. This can be quite 
easily obtained using the appropriate op. code within the 
machine language program. 

When the digital to analogue converter is used to drive 
very low impedance loads (such as d.c. motors) an additional 
power amplifier stage will be required. A typical circuit for an 
“add-on” power amplifier module is shown in Fig.1. This 
uses a single monolithic integrated circuit which is, inciden- 
tally, capable of providing a power of up to 21W in a 
nominal 4ohm load when operating from plus and minus 


+i5¥ 
O 


1NéO01 


OUTPUT 


Michael Tooleys.a. 
David Whitfield ma mse. 


18V supply rails. In this particular application, the device is 
configured for unity gain (non-inverting) and the recommen- 
ded maximum value of output current is 1A. The TDA2030 
features internal short circuit protection, thermal shut-down, 
and safe operating area protection. The output current is in- 
ternally limited to 3:5A, however, it is recommended that 
some form of current limiting (at around 1-5A, or less) be in- 
cluded in both the positive and negative supply rails. A 
power supply capable of meeting the requirements of-both 


Fig. 2. P.c.b. layout for the power amplifier module 


INPUT ov -¥ +V OUTPUT 


Fig. 3. Component layout for the power amplifier 
module 
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$9 open 
$1-S8 closed 
$9 open 

$1 closed 
$2-S8 open 
$9 open 

$1 closed 
$2-S8 open 
$9 open 

$1 closed 
$2-S8 open 
$9 open then 
closed 
$1-S8 open 
or closed 

$9 closed 


51 clos 
$2-S8 open 
$9 open 
$1-S8 open 
$9 open 
$1-S8 open 
$9 open 

$1 closed 
$2-S8 open 
$9 open 

$1 and S2 
closed 
$3-S8 open 
S9 open 

$1 open 

$2 closed 
$3-S8 open 
$9 open 

$1 and $2 
closed 
$3-S8 open 
S9 open 

$1 and $2 
closed 
$3-S8 open 
$9 open then 
closed 
$1-S8 open 
then closed 
$9 closed 
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Ves—Vise 


Vrs 


Check that V,.. = 
—3Ves 


Ves 


Vrs 


+Ves 
+Ves —Viss 


ov 


Ves 


—iVes 


Check that Vout = 
3Ves 


Vrs 


Ves 
(i.e. no change) 


VR1 


VR3 (and VR2 


if necessary) 
none should be 
necessary 


none should be 
necessary 


none should be 
necessary 


none should be 
necessary 


TABLE 3 Adjustments and tests required for unipolar operation 


STEP | SWITCH DESIRED OUTPUT | ADJUSTMENT 
SETTINGS VOLTAGE (V,,,,) 
S d OV VR 


VR2 
VR3 


none should be 
necessary 


none should be 
necessary 


none should be 
necessary 


none should be 
necessary 


none should be 


none should be 
necessary 


TABLE 4 Adjustments and tests required for bipolar operation 


Fig. 4. Typical power supply circuit for use with the D 
to A converter and associated power amplifier 
modules 


the digital to analogue converter together with one, or more, 
power amplifier modules is shown in Fig, 4. 

The p.c.b. layout for the power amplifier module is shown 
in Fig. 2 together with the corresponding component overlay 
which is given in Fig. 3. Assembly is extremely 
Straightforward and, since no adjustment is required, 
detailed constructional and testing information is un- 
necessary. 

i 
USING THE D TOACONVERTER 
The digital to analogue converter, together with any 
associated power amplifier modules, can be used in a variety 
of particular configurations depending upon the require- 
ments and constraints of the particular system. Fig. 5 shows 


POWER AMPLIFIER 
(1F REQUIRED) 


O-A 
CONVERTER 


LOAO 


ENABLE reeT 


Fig. 5. Conventional single ended output configuration 


a conventional ‘single ended’ arrangement. A_ bridge 
arrangement using two power amplifiers, driven from the 
complementary outputs of the digital to analogue converter, 
is shown in Fig. 6. This configuration effectively doubles the 
Output voltage swing developed across the load. Fig. 7 
shows how several power amplifier modules can be connec- 
ted to a single digital to analogue converter. Note that, to 
reduce the loading on the converter where more than one 
power amplifier is employed, the values of R1 and R2 within 
the power amplifier module should be correspondingly in- 
creased. A value of 10kohm for both R1 and R2 will be ade- 
quate for the parallel connection of up to ten power amplifier 
modules. If desired, loads may be driven in a complementary 
fashion, as shown in Fig. 8. Finally, several digital to 
analogue converters may be operated simultaneously from 
the same data bus. This arrangement makes use of the 
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POWER AMPLIFIERS 
(1F REQUIRED) 


LOAD 


LOAD 


ENABLE 


(X30) 


Fig. 6. Bridge output arrangement which doubles the 
effective voltage swing across the load 


i latching facility of the ZN428, the ENABLE inputs being 
driven from the address bus such that each digital to 
analogue converter can be individually addressed (Fig. 9). 


ADDITIONAL AMPLIFIERS/LOADS 
' (SEE TEXT) 
! 


LOAD 


ee 
ay 


PORE 


' 
| POWER AMPLIFIERS 
(IF REQUIRED) 


ENABLE LOAD 


LETT] Vda 
Fig. 7. Method of driving several output loads using a 
single D to A converter 


D-A 
CONVERTER LOAD 


ENAGCE POWER AMPLIFIERS 


{IF REQUIRED) CEETEY| 


Fig. 8. Complementary driving of loads 


ANALOGUE TO DIGITAL CONVERSION 

The purpose of an analogue to digital converter is that of 
generating a digital code which approximates to the actual 
input voltage level at the instant of sampling. One commonly 
used method of analogue to digital conversion involves the 
use of a clock and counter in conjunction with a digital to 
analogue converter. The clock and counter generate a binary 
sequence such that the output of the digital to analogue 
converter is sequenced from zero to full scale. The output 
voltage from the counter is compared with the input signal 
voltage using a comparator and the count is stopped when 
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ANALOGUE 
OUTPUT 1 


ANALOGUE 
OUTPUT 2 


ANALOGUE 
OUTPUT 3 


ENABLE 1 
ENABLE 2 


ADDRESS BUS 


Fig. 9. Technique for driving multiple D to A conver- 
ters 


the digital to analogue converter output is just greater than 
the signal input voltage. The state of the digital lines thus 
provides a digital code which is an approximation of the 
analogue input. The disadvantage of this technique is 
primarily attributable to the relatively low speed of conver- 
sion, In a worst possible case it would be necessary for the 
counter to produce a full sequence before arriving at the full 
scale input value. In an 8-bit converter, for example, this 
worst case condition would necessitate 255 clock cycles. 
With a 1MHz clock this yields a maximum conversion time 
of a quarter of a millisecond! 

A much better method of analogue to digital conversion 
involves the use of a technique known as successive approx- 
imation. This involves a series of comparisons between the 
analogue input signal and the output of a digital to analogue 
converter in which each bit is set in turn, commencing with 
the most significant bit, MSB. A decision, based upon 
whether the analogue input is greater or less than the output 
of the digital to analogue converter, is then made as to 
whether or not the bit should be retained. The output thus 
becomes successively closer to the input value; hence the 
name! The maximum conversion time for such a converter is 
generally (n + 1) clock cycles, where n is the number of bits 
employed. An 8-bit successive approximation analogue to 
digital converter would, for example, require a maximum of 9 
clock cycles for conversion; more than twenty times faster 
than a counter type arrangement! Simplified block diagrams 
showing the two methods of conversion are given in Figs. 
10 and 11. 


THE ZN427 ATO D CONVERTER 

The ZN427 is a versatile monolithic 8-bit successive approx- 
imation analogue to digital converter which incorporates tri- 
state output buffers to permit direct connection to a 
microprocessor data bus. The device offers a guaranteed 
maximum conversion time of 15us (clock frequency = 
600kHz) and, like its digital to analogue counterpart the 
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CLOCK DIGITAL 
OUTPUT 


+= ENABLE 


0 = DISABLE OIGITAL TO ANALOGUE 


CONVERTER 


ANALOGUE 
INPUT 


Fig. 10. Simplified block schematic of a counter type A 
to D converter 


SUCCESSIVE 


APPROXIMATION 
REGISTER 


DIGITAL 
OUTPUT 


+=KEEP BIT SET 
O=RESET BIT 


DIGITAL TO ANALOGUE 
CONVERTER 


ANALOGUE 
INPU 


Fig. 11. Simplified block schematic of a successive 
approximation type A to D converter 


ZN428, it also incorporates an accurate voltage reference. 
The data outputs are fully TTL compatible and the i.c. re- 
quires supplies of +5V and —3 to —30V. This latter voltage 
rail is merely required to establish a constant ‘tail’ current 
within the internal voltage comparator. 

The internal architecture of the ZN427 is shown in Fig. 
12. The principal internal elements of the ZN427 are; a high 
speed comparator, a successive approximation register, a 
switch array, an R-2R resistor network, an output buffer 
array, and a 2-5V precision voltage reference. When a low- 
to-enable start conversion (SC) pulse arrives, the most 
significant bit is set to a 1 and all the other bits are set to O 
regardless of their previous state. The analogue output from 
the R-2R ladder network will then be exactly half the 
reference input, Vege. The input voltage, Viy, is then com- 
pared with this value and a decision made on the next falling 
clock edge. The MSB will be set to O if O-5Vge- > Viy or kept 
at 1 if O-5Vaee < Viy. The second most significant bit is also 
set to 1 on the same falling edge and, on the subsequent 
falling clock edge, a similar decision is made concerning the 
second most significant bit. The process continues until all 
eight bits have been examined such that, on the ninth con- 
secutive failing clock edge after receipt of the start conver- 
sion (SC) pulse, an end of conversion (EC) signal is 
generated which indicates that the digital output from the 
converter is a valid representation of V,,. The digital output 
data remains latched until the next SC pulse arrives. An out- 
put enable (EN) is provided so that data may be read from 
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O OO 
LSB MSB, 
—_—_— ——vm 
DATA OUTPUT 


Fig. 12. Internal architecture of the ZN427 successive 
approximation A to D converter 


the converter into the system data bus by means of the tri- 
state output buffer array. A typical timing diagram for the 
digital word 01010110 is shown in Fig. 13. 


sc || ‘ 

Ec YW) | 
—MSB Decision 

MSB WY) i 0 


DATA Yj) | 1 
OUTPUT 


LSB 
Decision 
LSB YW. | f oO 


Fig. 13. Timing diagram for the ZN427 A to D conver- 
ter 


The decision as to whether the output of the D to A sec- 
tion is greater, or less than, Vj}, is made by means of a high 
speed comparator, the simplified equivalent circuit of which 
is shown in Fig. 14. This is essentially a differential ‘long- 
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3 Sere 


HIGH = RETAIN BIT 
LOW =RESET BIT 


= 0 TOA QUTPUT 


Fig. 14. Simplified equivalent circuit of the high speed 
comparator section of the ZN427 A to D converter 


tailed’ pair which is designed to operate with a total emitter 
(‘tail’) current of 65yA. The ‘tail’ current must be derived 
from an external negative voltage rail in the range —3 to 
—30V and the constant current characteristic may be 
produced simply by inserting an appropriately high value of 
series resistor. Various values of negative supply voltage and 
required series resistance are shown in Table 1. 


TAIL RESISTANCE 
(Ry) 


NEGATIVE SUPPLY 
VOLTAGE 


Table 1 Recommended values of tail resistance and 
negative supply voltage 


The outline circuit diagram of a practical analogue to 
digital converter is shown in Fig. 15. Whilst it is possible to 
use a separate low frequency clock within the analogue to 
digital converter, it is usually expedient to make use of the 
system clock of the host microcontroller or microcomputer. 
Such a clock is, nowadays, unlikely to operate at a frequency 
of much less than 1MHz and therefore it will be necessary to 


Fig. 15. Outline circuit diagram of a practical A to D 
converter 
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incorporate one, or more, stages of frequency division bet- 
ween the system clock and the clock input of the ZN427. In 
the case of the PE Microcontroller, which has a system clock 
at 894-75kHz, a single divide-by-two stage is all that is re- 
quired. In the arrangement of Fig. 15 this frequency division 
is accomplished by means of a positive edge triggered J—K 
bistable, 1C1. Other division ratios may be easily calculated 
from the relationship; N = f,./f, where f,, is the system clock 
frequency and f, is the ZN427 clock frequency (maximum 
600kHz). The +5V and —15V rails may be derived from the 
power supply circuit of the Digital to Analogue Converter 
board described in Part 2 of the series (PE March 1983). To 
avoid duplication, full constructional details have not been 
given and readers are therefore recommended to refer to the 
previous part of this series and to Part 7 of the series on 
‘Interfacing Compukit’ (PE July 19817). 


USING THE ATO DCONVERTER 

Provided that appropriate signal conditioning can be ap- 
plied, the analogue to digital converter is suitable for use 
with virtually any type of analogue transducer. The normal 
full-scale input voltage for the circuit of Fig. 15 is +10V 
however larger or smaller input voltages may be catered for 
by means of appropriate modification of the input potential 
divider. Where the transducer produces a very low level of 


The A to D converter 


output, additional amplification may be necessary and this 
may be provided by means of one or more operational am- 
plifiers. In general, the full-scale input voltage is given by; 
Veg = G XK Viy where G is the attenuation of the input 
network. The resolution of the converter is Ve</256. Without 
any input attenuation (G = 1) the value of Veg will be the 
same as Vac and, since the internal reference is 2-56V, the 
resolution will be 1OmV/bit. The R-2R ladder network ex- 
hibits an impedance of 4kohm thus, to provide an accurate 
match (minimising offset problems within the comparator), 
the input attenuator/amplifier should ideally exhibit an out- 
put impedance of approximately 4kohm. 


NEXT MONTH 

Next month’s instalment will deal with opto-isolators and 
opto coupled thyristor and triac devices suitable for d.c, and 
a.c. power control applications. 


Practical Electronics April 1983 


TEST EQUIPMENT CENTRES cresioacs a ncce 


£34.40 
TOGO+ As 6010 bul O 1S basis £41.30 
168M 16 range 10A OC. 2 meg plus Hfe tester £39.95 
189M 30 range 10A AC/DC. 20 mag plus Hle 
lester £69.95 


MAND HELO AUTO RANGE 
DM2350%21 range JOA AC/DC 20 mag ohm 
[Miniature) . 
HO30 |6 range 0.24 AC/OC 2 meg vbm £41.95 
HD30/'B As above plus cont. buzzer £44.50 
HO31 22 range 10 AC/DC 2 mag ohms plus cont 

1 buzzer £5 


TM353¢ 27 range LCD 2A AC/OC 
TM355¢ 29 range LEO 10A AC/DC 
TM351¢ 29 range LOO 10 AC/OC £113.65 
2001 28 range LCD 10A AC/DC plus Srange 

Cap. Meter with case £108.00 
TM451 4°: digit LCO every facility (0.02%) £171.00 
15032 4; digit LCD every facility 10.05") 

1503Ha 0.03": basic version of above 

+Oplional carry case £2.95 © With free carry case 
Optional carry case £6.84 


EDUCATIONAL DISCOUNTS AVAILABLE FOR 
ALL STOCKS - PLEASE ENQUIRE 


£86.25 


£86.25) 


£67.50 
BIIOAB digit LEO bench 2ranges 100 MHZ £77.00 
86106 9 digit LED bench 2 ranges BOO MHZ £113.85 
80008 rein LED 3 ranges 1 GHZ £178.00 
TFO40* 6 digi LCD 40 MHZ £126.50 
TF200* 8 digit LOO 200. MH2 £166.75 
© Optional carry cane £6.54 
Prescalers - Extended range of most counters 
TPGOO 600 MHZ 
TP1000 1 GH? 


ELECTRONIC INSULATION TESTER 
YF S00 500 V/'0-100m with carry casa £63.00 


MULTIMETERS 
(UK C/P 65) 

¥7296 20K.'V. 

19 range pocket meter 
SPECIAL PRICE 

C7061 50K/'Y 21 ranges. 
Range doubler 104 OC. 
SPECIAL PRICE £15.95 
ETC5000/5001 21 ranges, S0K/V. Range 
dowbler. IDA DC. 

TMIK500 23 ranges 3OK'V. 1ZA OC plus 
pant. buzzer, 

NHSGR 20K.'V. 22 range pocket 

EU1O2 14 range 2K/'V pockal 

830A 26 range 30K /V. 104 AC /OC overload 
Protection, etc, 

SHOTR 23 range 1OOK.'Y. Large scale 

TOA AC/OC plus Hle 

110e0 16 range 20K/V Deluxe plus Hle 


tester 
ST3O3TR 2) range 20K'V plus Hie iester 


£7.95 


£16.50 


£23.95 
£10.95 


£23.95 


£17.50 
£16.95 


VARIABLE POWER 
SUPPLIES 


PP24h 0/12/24v. OA 
£35. 


PP243 3 amp version £59.95 
(UK C/P £1.00) 


DIGITAL THERMOMETER 


TH301 LCD 50°C +750 with 
thermocouple 


|| SIGNAL GENERATORS 
(2207240 Ac} 


FUNCTION : All sine ‘square, 
TEtOO1 HZ. 100 KAZ 

TEINZ 0.242 - 2 MH? 

PULSE 

TGtOS Various facilities SH2Z - 5 MHZ 
AUOIO: Multiband Sine/Square 
LAG27 |0H2 10} MHZ 
Coeuzk 20 2 to 200 KHZ 

a 

$6402 100 KHZ 10 30 MHZ 
LSG17 100 KHZ to 150 MHZ 


AUDIO» AF ¢ FUNCTION * PULSE 


Full specification any model on request. SAE by post. 


‘HM’ Series HAMEG: 'SC’ THANOAR: 
‘CS’ Series TRIO: ‘3' Series CROTECH 
SINGLE TRACE 

3030 15 MHZ SmV, 95mm tuba plus component 
lester CP £3,00 £172.50 
SC1IDA® Miniature +0 MHZ ballery portable 

Post free £171.00 
HM103 15 MHZ 2mvV. 6x 7 display plus 

component lester CP £3,00 £177.00 
* Optional carry case £6.84 AC adaptor £6.69 

Wheads £12.50 

DUAL TRACE (UK C/P £4.00) 

4M203/4 Dual 20 MHZ plus component 

lester £276.00 
CS1566A Oval 20 MHZ. All facilities £299.00 
HM204 Oual 20 MHZ plus component tester 

Sweep delay £419.75 
OPTIONAL PROBE KITS 

x1 £7.95 x10 £9.45 
¥1- x10 £10.50 x100 £16.95 


STOCKISTS FOR TRIO: HAMEG: CROTECH: 
SAFGAN SCOPES. MOST MODELS IN STOCK. 


HIGH VOLTAGE METER 
Direct reading 0/40 KV. 
20K/'Volt. (UK C/P 659] £18.40 


Sane iar 
AC CLAMPMETER — 
$7300 0/3004: 0/600 
VAC. 0/1 Kohn 9 ranges 
With carrycase (UX C/PE5p) £28.50 


LOGIC PROBES "Ye 


LP10 10 MHZ £28.50 
UDPO7650 MHZ = £56.90 


DIGITAL CAPACITANCE 
0.1 pf to 2000 md LCD 8 ranges 
OM6013 £57.95 (Carry case £2.95) 


TRANSISTOR TESTER 


Direct reading PMP: NPN, etc, 
Te! 
(UK C/P Bp} 


AUINIO ELECTRONICS canis: 


301 EDGWARE ROAD, LONDON W2 IBN, TEL: 01-724 3564 


ALSO AT HENRYS RADIO, 
404/406 EDGWARE ROAD, LONDON W2 
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‘Order by Pos! with CHEQUES; ACCESS: 


‘VIBA oF pou can telephone pour orders. 
Ail orders despatched within 5 dave 
tania ach ined 


TERRIFIC VALUE!!! 


We have a big store to clear. 100 tons of 

stock must go. tO kilo parcel of unused parts. 
Minimum 1,000 itams includes panel meters, 
timers, thermal trips, relays, switches, motors, 
drills, taps and dias, tools, tharmostats, coils, 
condensers, resistors, @tc. ate. Inchwidually 
would cost you 4 fortune! 

YOURS FOR ONLY £11.50 plus £3.00 post. 


IONISER KIT 

Refresh your home, office, shop, work room, 
etc. with a negative JON generator, Makes you 
feel better and work harder ~ campleta mains 
operated kit, case included £11.95 plus £2.00 
Postage. 

CAR STARTER/CHARGER KIT 


This kit has nq doubt saved many motorists 


REVERSIBLE MOTOR WITH 
CONTROL GEAR 


Made by the famous Framco Campany this 

is a very robust motor, size approximately 
74" long, 34" dia. 3/8 shaft, Tremendously 
Powerful motor, almost impossible to stop, 
(neal for operating stage curtains, sliding 
doors, ventilators, etc., aven garage doors if 
adequately counter-balanced, We offer tha ~ 
motor complete with control gear as 

Follows; 

+1 Framco motor with gear box, + 1 manual 
reversing and on/off switch. « 1 push to start 
switch. + 1x 100w auto transformer. » 2 
Fine $1OP sysitches. « 1 circuit diagram of 
cannections, £19,50 plus postage £2,50, 


SPIT MOTORS 


start car off mars or bring your battery up to 
full charge in @ couple of hours. The kit com- 
Prises: 250w mains transformer, twa 10 amp 
bridge rectifiers, start ‘charge switch and full 
Instructhons. You can assemble this «nan 
evening, box it up or leave it on a sheif in the 
garage, whichever suits you best 

Price: ONLY £12.50 + £3.00 post 


3 —30V VARIABLE VOLTAGE 
POWER SUPPLY UNIT 


With 1 amp DC output, for use on the bench, 
studants, inventors, service enginears, etc 
Automatic short cucuit and overload @rotect- 
ion. In case with a volt meter an the front 
Panel, Complete kit £13.80. 


ZX81 OWNERS 
Make yourself p fult 

size keyboard! Key 
switches complete 

with plain caps. 6for = ~ 
£1,915. 


COMPUTER PRINTER FOR 
ONLY £4.95 


Japanese made Epson 310 has a salt starteng, 
brishless drive moror Complete with electron 
ics - uses plain paper. Brand new with 

data. ONLY £4.95 plus £1.25 Post. 


from embarrasment in an emergency you can [| 


ode fo. 


* 


Powerful mains operated induction motors 
with gear box atrached, The final shaft is a 
'4" rod with square hole. so you have 
alternative coupling methods — final speed 
ts approx. § revs/min. PRICE £5.50, Similar 
motarg with final speeds of BO, 1D0, 160 

& 200 r.p.m. same price, 


8 POWERFUL BATTERY 
MOTORS ( alt different) 


Suitable for models, meccanos, drifls, 
remote contral planes, boats, etc. £2.95, 


12 VOLT MOTOR BY SMITHS 
Made for use rn cats, these are serigs wound 
and they become more powerful #s toad 
increases. Size 3/4" tong by 3" dia. These 
have a good length of 4% spindla — prica 
£3,465. Ditto, but double ended £4.25. 


EXTRA POWERFUL 12 VOLT 
MOTOR 


Mace to work batlery lawnmower, this 
Probably develops up to 4 hp., so it could 
be used tp power # go-kart OF Io drive & 
compressor, etc, ete. £6.90 + £1.60 post. 
\Thes is easily eaversible with our ravergible 
switch » Price £1.15). 


Cash, P.O. or cheque with order. Orclers ~Y 
under £10.00, add GO, Access & B/card 
orders by phone to Haywards Heath 104441 
454563. Delivery by return | 


J BULL(Flectrical Ltd. 


(Dept PE), 34 - 36 AMERICA LANE, HAYWARDS HEATH, SUSSEX RH16 3QU, 


* * SATURDAY BARGAINS x * 


EMOS SATURDAY SALES 
Starting February 12th we will be open from 10amto4pm every Saturday 
tosell our vast range of components at bargain prices. You will easily find 
usin Daventry on the A45, opposite the John O’ Gaunt Hotel. 


VOLTAGE 


LARGE ELECT s: 
mine REGULATORS: 


Computer Grade 
~ Mido by Sprague 0: Generw Electric 
Suppbess 


Postage and packitip 
1 or Pcmpantors - £100 
Aw more - f1.s0 


Pricet -fatasta: vale m1 only £2.50) 


ps PSU COMPOMENTS 2N8347 120) 1650p 123 u 


Bp 
2NG756 750w! 1B0p  2NIDGS = Sp 
SODrm feners ip 


TMS2516)t 6 « 2K EPROM £14.90 


TMS4030, 4K RAM £3.00 BENCH POWER SUPPLY 


2255 PA, £1.90 — 
2N3055 i135 Sawaltacmeer eet 
Panel mounting 20mm fictehokters 20p —Avaritie wn lot loom oe bist up 
Continental relays 2p cio 24V or 4B p AT p+ 
Heavy duty relays — 5A 2p cla 24V iia 


Kit Built 
2p fat ZO 


Microswitch — ¥ type — push on terrranals 


CMOS - 74 ~ 7415 TTL 
See our adverts in last months magazines for complete lists 


Very Competitwe prices 
Please allow 21 days for delivery. 


Many dewces only Sp 


Dept 1D, High March, Daventry, Northants NN11 4HQ 
Tel: 03272 5523. Telex: 311245 GRENEL G 


Please ad@ 50p per order postage and packing EMOS 


(except where higher is indicated) plus 15% VAT 
on total. No VAT on overseas orders, postage al 
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cost. Cheques and postal orders made payable to 
Emos Limited. Send Large §.A.E. for 
comprehensive catalogue. 


SEMICONDUCTOR — 


UPDATE 


R.W. Coles 


FEATURING €EB2 BB1 LH3 HC16 TFT 3000 


SWANSONG 


This, dear readers, is the very last 
“Semiconductor Update” column to appear 
in Practical Electronics, following an un- 
broken run since 1975. (Semiconductor 
Circuits will replace it next month——Ed,) 

While pondering on a suitable content for 
this exodus edition, | at first considered a 
nostalgic look back at some of the more ex- 
otic devices that have appeared here over 
the years. But nostalgia is hardly the stuff of 
which this column is made, and so | took a 
bold step forward instead, by persuading 
two of the most avant-garde research 
groups in the country to tift the veil on the 
electronic future as they see it—with 
astounding results! 

Any doubts you may have harboured 
concerning the viability of British industry in 
the 1990s and beyond are about to be dis- 
pelled, so step with me now into the brave, 
new, electronic world which awaits us 
all... 


IN-BODY ENTERTAINMENT 


Down in Poole, Dorset, of all places, | 
tracked down Frank N. Stone, boyish head 
of the new bio-electronic empire, 
Sceletronic Calcipart. Most of the work 
down there is still secret, but Frank was 
kind enough to show me around their BIO- 
CHIP diffusion facility which is producing a 
wide range of semiconductor dice for direct 
implantation in living tissue. 

Although electronic implants have been 
produced before, as heart pace-makers for 
example, the work at Sceletranic is very dif- 
ferent because the integrated circuits are 
not packaged but are placed directly into a 
suitable body cavity with the necessary 
neural connections being achieved with the 
aid of laser bonding. 

Devices of all sorts can be implanted in 
this way to correct natural deficiences or to 
provide an enhancement of natural abilities, 
but the project which sparked my imagina- 
tion the most was described by Frank as 
“In-Body Entertainment’. 

Sceletronic are working feverishly on a 
set of four CMOS BIO-CHIPS which 
together will make the “Walk-man” con- 
cept of personal entertainment about as ob- 
solete as a stone axe. Integrated onto four 
thumbnail sized silicon dies will be a com- 
plete entertainment system which does not 
require the lucky recipient to wear 
headphones or to have a wristwatch TV 
screen, because the whole thing will be 
totally internal! 

One of the devices, a video processor 
and display coded EB2, is slipped behind 
each eyeball to provide back-projection 
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video facilities capable of displaying both 
off-air and recorded programs. A second 
chip, the BB1, acts as an exchangeable 
storage device of 100 gigabyte capacity 
which is used to hold a user selectable mix 
of stimulating audio visual entertainment, 
This chip has to be more easily accessible 
and so will be fitted into the trendy owner's 
navel, or any other orifice of their choice. 

Adding yet another dimension to this 
scintillating ensemble is the LH3 audio 
processor which is capable of delivering a 
quadrophonic neural stimulus equivalent to 
110 dB’s acoustic. In addition to this direct 
neural audio, which works best at high fre- 
quencies, there will also be an optional 
“cranial woofer’ which provides direct in- 
ternal audio stimulation. Users opting for 
this extra facility will have to wear the black 
anodised ear extenders for cooling pur- 
poses says Frank. 

To complete the set there will be the 
HC16 microprocessor based controller chip 
which will transmit tone, volume, and hue 
adjustment via existing neural pathways. 
Inputs will be received directly from 
analogue-to-digital chemo-receptors  in- 
tegrated onto the surface of the chip. 
Various other control options will be 
available, including a panic suppression 
mode triggered by adrenalin levels which 
causes all external auditory and visual 
reception to be suspended in favour of a 
restful program of soft music and 
seascapes. 

Installation may pose problems, but a 
survey by Sceletronic revealed that most 
existing 17 year old hi-fi salesmen can be 
retrained in the simple technique of laser 
surgery in a matter of hours. 

While | was in the Sceletronic lab | was 
introduced ‘to {gor who had already been 
fitted up with a breadboard version. Igor's 
scars were healing nicely, and apart from a 
tendency to go cross eyed occasionally, 
there seemed to be no serious side affects. 
Unfortunately | was unable to question |gor 


-in depth because he had just been fitted 


with a new BB1 containing material of 
Danish origin which appeared to be causing 
some technical difficulties. 

This new technology will revolutionise 
the lives of all joggers, roller skaters and 
lecture goers! 


SEE YOU LATER 
PROPAGATOR 


A couple of years ago | revealed to you 
the amazing progress being made by Lliys 
Electronics over in South Wales. | know 
that if any firm could provide a stimulating 


glimpse into the future it had to be them, so 
off | went with my notebook and recorder. 

The last time | was there Lliys were into 
hyper-power transistor technology, but 
things have moved on since then, and | 
found the research department, headed by 
the Polish émigré Zarcy Pudsti, hard at 
work on a revolutionary new 
microprocessor device. 

Apparently Lliys have made a 
breakthrough in speeding up the operation 
of digital logic circuits and have got their 
latest device running at an amazing 2 giga 
hertz clock rate. Propagation delays in the 
gates have been cut down to just a few 
pico-seconds with the aid of a new and 
secret doping material developed and 
patented by Lliys. 

While | was there they started to test the 
latest version of this incredible device, the 
TFT 3000, and the results were impressive 
to say the least. Apparently one of the 
chemists had added too much of the do- 
pant to the silicon melt, and during the 
tests it became apparent that the gate 
delays had become negative, i.e. pulses 
were leaving the output of gates before an 
input signal was received! 

While Zarcy and | pondered about the 
implications of this new effect, we saw the 
64 pin leadless chip carrier containing the 
TFT 3000 begin to metamorphose, Within 
ten minutes we were left with ten 40 pin 
dual in line packages, within half am hour 
these were replaced by one hundred 16 pin 
d.i.p.s, then four hundred circuit boards 
containing large numbers of transistors. 
Just in time, Jim the lab assistant shouted a 
warning and we escaped with oniy minor 
scorch marks and bruises as the whole of 
Lliys labs was transferred into a glowing 
mass of EF86 valves. 

After the EF86s, the Babbage style 
analytical engines and the Chinese abacus 
wielders were tame by comparison, and 
Zarcy and | retired to the nearby computer 
room to Carry Out an analysis of what could 
be expected next. Zarcy calculated that the 
TFT 3000 would reappear in about 3 weeks 
following a reversal of entropy at the 
genesis of the known universe, and perhaps 
he is right. 

Personally, | hoofed it, after a quick 999 
call to the local fire brigade, but everyone at 
Lliys seemed to think it was a great 
success. They still plan to market the TFT 
3000 after some readjustment of the do- 
pant levels, but if you are interested you 
had better place your order early, before 
stocks disappear. 

(Readers requiring more information an 
these items should note the cover date of 
this issue—Ed) 
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Ultimum 
Ormouuelr 
Interface Part é 


WILLIAM EDWARDS’ WATFORD ELECTRONICS 


E CONTINUE our series of cards for the ULTIMUM 

motherboard with a peripheral card capable of produc- 
ing speech. It uses a low cost, custom integrated circuit 
which provides most of the functions needed to produce an 
almost unlimitad vocabulary using the phoneme method of 
speech production. 


SYNTHESISING SPEECH 

There are many different techniques available for 
generating speech using a computer. Ultimately, they all re- 
quire some method of regenerating the basic elements of 
speech by modelling the human vocal tract. The heavy 
handed approach is to sample analogue speech waveforms 
and convert them to a digital form which may be subse- 
quently regenerated through an analogue-to-digital conver- 
ter. The number of samples is necessarily high (about 5,000 
samples. sec-') and this means that a large amount of 


COEFF ICIENT 
REGISTERS 
ia 


Fig. 6.1. Block diagram of Speech unit 
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memory is required; a few words would exhaust the memory 
of most home computers. 

There are two, more practical solutions. Firstly, some form 
of data compression can be used in conjunction with digital 
circuitry to restore the original signal. This circuitry usually 
takes the form of a complex digital filter. National Semicon- 
ductor, and Texas Instruments have both evolved methods 
of encoding phrases in such a compressed form, the best 
known being a system called Linear Predictive Coding. This 
is the technique employed in the commercial, speaking toys 
and teaching aids. The drawback is that the encoding 
process requires complicated equipment and lies beyond the 
scope of amateurs, so that one is limited to pre-defined 
vocabularies supplied in ROM form. Against this, the quality 
of speech is quite good (albeit with a heavy American drawl 
in nearly all cases). The second method relies on the fact 
that speech can be broken into a limited number of basic 
components. There are several such subdivisions, the 
smallest of which is called the allophone, or more commonly 
(but incorrectly) the phoneme. Early phoneme generators 
used analogue circuitry to reconstruct an electronic 
equivalent of the vocal cords and the rest of the vocal tract, 
using operational amplifiers as oscillators, filters and noise 
generators. Digital versions of these analogue predecessors 
make full integration much simpler, because the discrete 
components are largely eliminated. 


THE SP-0256 SPEECH CHIP 

Over the last year or so several new ai! digital speech 
chips have been introduced. The SP-0256 (General Instru- 
ments) has been chosen for this design because it combines 
low cost with simplicity. Allophones are encrypted in a 2k x 
8 ROM. On selecting an allophone by supplying a count and 
a strobe pulse, the appropriate area of ROM is accessed and 
the data is passed to the vocal tract model which then 
regenerates an allophone. The 2k x 8 ROM stores code for 
all the allophones as well as periods of silence which are 
very important in the reconstruction of realistic speech. 
There are no words or phrases. These have to be put 
together by the host computer as a string of allophones, This 
is not difficult, and imposes only a light load on the com- 
puter. It is quite possible to produce a reasonable vocabulary 
without resorting to machine code. The store required for 
each word is only a handful of bytes. 


THE BOARD 
Fig. 6.1 is a block diagram of the Speech system. There 
are three basic elements, the speech generator, amplification 
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and the interface to the ULTIMUM motherboard. Fig. 6.2 
gives the complete circuit diagram. 

The speech board occupies only one memory location (the 
location to which the allophone code is to be sent (see 
later). The decoding uses four four-bit magnitude com- 
parators (ICs 1-4) which compare all 16 address lines 
against a value set on the links O-15. The magnitude 
comparators are gated with the Read and Write signals 
from the motherboard to provide a valid access signal to 
the speech chip. When the selected location is written 
to, the byte written is sent to the speech chip. When the 
same location is read, the two status bits (BUSY and LOAD 
REQUEST) are put onto the bus (D7 and D6 respectively). 
Reading these bits allows the programmer to establish 
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Fig. 6.2. Full circuit diagram. LK1: Default position is Memory-mapped. 
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whether the speech chip is ready tova¢cept another com- 
mand or still busy issuing the last allophone. As speech is 
comparatively slow by computer standards, it is quite accep- 
table to poll these status lines periodically, rather than resort 
to the more complicated interrupt lines, although this is also 
possible, as all that is needed is to connect the load request 
line from the speech chip to the interrupt request line on the 
edge connector. 

The speech chip provides a pulse width modulated signal 
which has to be converted to an analogue waveform suitable 
for amplification. This can be done with a simple diode/CR 
network, but we have chosen the more complete four stage 
filter (IC9), which imparts a much better ‘shape’ to the audio 
signal. 
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Flially; an-amplifier<(1C10) is included to drive a small 
speaker; Alternatively, a ‘pick-off’ point is available for exter- 
nal amplification, or for mixing with the Sound Card (see 
next month's articte):: 


ASSEMBLING THE BOARD 

Refer to the overlay (Fig. 6.3) for details of component 
placement. This board has many discrete components 
(mainly used in the filter). 

We suggest that these are inserted after you have placed 
the i.c sockets. The crystal (XTAL1) which provides the tim- 
ing for the speech chip, should be inserted with care. Avoid 
bending the leads at the base, as strain can fracture the in- 
ternal connections. The SP-0256 is the most expensive 
component on the board, so before inserting it, check for 
shorts by powering the board up, and check that 5 volts ap- 
pears on pins 7 and 23 of IC5 (the SP-0256 socket). 

The d.i.l. switches {(O-15) should be set up as follows: 

1) Find an unused location in memory. 

2) Write down the binary value of that location (eg. 0113 
hex is O000000100010011 in binary. 

3) Set the switches according to this binary pattern ie. if bit 
0 (the least significant bit) is O then close switch (shown in 
the overlay, Fig. 6.3, and on the board itself). 

4) Repeat 3 for each switch. 


TESTING THE BOARD 

The board should be tested with the other cards removed 
from the ULTIMUM just in case there is a short circuit. Do 
not insert the board with the power on. The SP-0256 is 
automatically reset as power is applied. Run the BASIC 
program listed in Table 6.1, noting that you must set the 
PEEK and POKE location (LOC1 in the listing) to that set up 
on the speech board. If nothing happens, check the switches 
are correct and that the speaker is connected. 


MAKING SPEECH 

Table 6.1 lists all the allophones and the code which has 
to be fed to the SP-0256. The basic sequence required to 
feed allophone codes is as follows: 
1) When load request is low, issue of any of the listed 
allophone codes by writing to the location set up on the 
decoding switches is possible 


Hex Dec, Hex Dec 
00 0 Delay 10ms 16 22 
01 1 Delay 30ms 17 23 
02 2 Delay 50ms 18 24 
03 3 Delay 100ms 19 25 
04 4 Delay 200ms 1A 26 
05 5 oy boy 1B 27 
06 6 i sky 1c 28 
07 T eh end ID 29 
08 8 kk3 comb 1E 30 
09 8«=69sopp pal IF 31 
OA 10 ~~ jh dodge 200 «(32 
OB 11 nol thin 21 33 
oc 12 ih sit 22 34 
oD 13 tt2 two 23 35 
OE 14 rel rural 24 36 
OF 15 ax succeed 25 37 
10 16 mm milk 26 38 
1] 17 ttl part 27 39 
12 18 dhl they 28 40 
13 19 iy see 2941 
14 20 ey beige 2A 42 
15 21 ddl could 


10 LET LOC1=(speech Jecation) 
20 RESTORE 
30 READ D 
40 IF D=>64 THEN 80 
50 IF (PEEK(LOC 1) AND 128)<>0 THEN 50; 
ready to load? 
60 POKE LOC1,D 
70 GOTO 30 
80 GOTO 20; repeat indefinitely 
56,1,23,3,17,4,48,15,11,4,13,31,4,29,29,39, 19,4 
100 DATA 40,50,4,40,6,35,4,55,55,12,12,41,55,4,55,55, 
7,39,15,11,4 
110 DATA 20,2,17,4,56,6,12,4,13,7,11,64 
120 END 
Table 6.1. BASIC test program for Speech board 


2) While the allophone is being “spoken” the busy line will 
go tow to indicate that the word is being issued. As can be 
seen, this allows for very simple programming. 

There is no one-to-one correspondence between 
allophones and the written word, so we have to convert each 
word into its component parts before we can pursuade the 
speech chip to reproduce it. Of course, the best way of doing 
this is to write a “speech assembler” program which will 
break down the word and prepare the code for you, and we 
have no doubt that some readers will try this, as this kind of 
program has lots of applications, including speaking docu- 
ments. The starting point must be to manually assemble 
your code by breaking up each word, and select the ap- 
propriate allophones yourself. To make this a little easier, 
Table 6.3 includes sample words which illustrate the type of 
sound associated with each allophone. Once the allophone 
list has been prepared, all that is required is to send single 
bytes to the SP-0256 in sequence. We have written a simple 
BASIC program to send a test phrase: 

A bird in the hand is worth two in the bush. 


Table 6.2. For sample program use these data 


80 STOP } preserve sanity 
90 DATA 20,2,63,52,0,21,2,12,11,2,18,19,2,27,26,11, 
0,21,3 
100 DATA 12,43,2,46,52,29,2,13,31,2,12,11,2 
110 DATA 18,19,2,63,30,37,64 


to 2B 43 zz z00 
aught 2C 44 ~~ ng anchor 
hot 2D 45 i} lake 
yolk 2E 46 ww wool 
hat 2F 47 XI repair 
he 30 48 wh when 
rib 31 49 yyl yes 
thin 32 50 ch church 
book 33 51 erl letter 
food 34 52 er2 bird 
out 35 Sa ow sew 

do 36 54 dh2 they 
wig 37 BS 5S vest 
vest 38 56 nn2 no 
guest 39 57 hh2 hoe 
ship 3A 58 = ~=«Oor store 
azure 3B $9 ar alarm 
brain 3C— 60s clear 
food 3D Ss 61 gg2 got 
sky 3E 62 el saddle 
can’t 3F 63 bb2 business 


Table 6.3. SPO256 AL2 allophones 


58 


Practical Electronics April 1983 


59 


is located 


Component layout 
The PEEK and POKE 


Fig 
ted accordingly. 


jus 


Table 6.2b 


iven in 
ill depend on where the speech board 


The Sound board. 


is g 


and need to be ad 


ions W 


The program 


a 

locat 

in memory, 
NEXT MONTH 


4 


ApAAAAAAAS 


5 
t 
1 
x 


) 


N 
he 


ee cra ta 
Af: Does eds cumeareenewonan oF 


Phe 
errr hy 


t 


i aaah ceoemmts 0 yeortaie oh -_ = 
greets siempre ease nar alate | 
Ronccnmase 


lena eens oe 


i 
\ 


April 1983 _ 


Cremeans, ten 


Geoewne renee 


MLUCS 


Practical Electro; 


CONSTANT 


VOLTAGE 


OR any purpose needing a constant- 

current supply, such as charging Ni- 
Cad cells, this unit provides a remarkably 
stable current—even shorting the output 
causes no detectable change in current. 
The circuit shows switching of three 
ranges by means of a three pole four way 
switch, and the fourth position changes the 
circuit to an equally stable constant 
voltage supply, a desirable addition to the 
versatility of the unit only needing two 
more resistors, 

Operation is as follows—the Zener 
diode provides a reference voltage, part of 
which is tapped off by VR1 to the non- 
inverting terminal of the op amp. The out- 
put current from the emitter of the tran- 
sistor is returned to OV via the resistors 
R2-4, and the consequent positive voltage 
at the top end of these is fed to the in- 
verting terminal. The potential of the op 
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SUPPLY 


amp output provides the bias for the base 
of the transistor; if the output current 
tends to increase, the potential changes, 
thus reducing the current supplied to the 
output, so that a stable state is set up. The 
actual amount of current is governed by 
the proportion of the Zener voltage sup- 
plied to the i.c., so VR1 forms a panel con- 
trol which can be calibrated. 

The characteristics of the circuit overall 
are not quite linear, so a separate dial 
calibration is needed for each of the 
resistors R2—4. Their values can be found 
experimentally for any required current 
range. The quickest way is to put a meter 
across the outplt, and substitute a wire 
wound variable for the resistor. Rotating 
VRI will give the range limits for any 
given value of the variable, which can be 
measured, and a suitable fixed resistor 
chosen. 


OuTPUT 


The ranges of the prototype are given 
for the values in the drawing, but the 
current can if necessary be increased to 
any desired amount, provided only that the 
transistor used can take it if properly heat- 
sinked. For currents over about 250 ma, 
obviously a power transistor is required, © 
but up to that figure a BFY50 on a good 
heat sink should cope. 

The fourth switch position for constant | 
output voltage connects the output return 
directly to OV, and puts a resistance across 
the output. Half of the voltage appearing 
across this is applied to the i.c., and con- 
trols the transistor as before. Positions 1, 2 
and 3 of SJ provide the constant current 
ranges of 1-4 ma, 5-20 ma and 20-85 
ma. Position 4 has the constant voltage 
range of 4—-18¥V. 

S. A. R. Guest, 
Grampound, Truro. 


Fig. 1. Power supply 
and ramp generator 


ANY circuits exist to provide exciting 

effects using coloured lighting, exam- 
ples such as Sound-to-Light units and 
Chasers springing immediately to mind; 
but few exist that may be deployed suc- 
cessfully in a household environment for 
extended periods of time providing an in- 
teresting but slower and more relaxing 
type of display. Presented here is such a 
unit which may be used _protractedly 
without excessive fatigue. It may also be of 
interest to many readers since it contains a 
voltage controlled dimmer which operates 
without resort to the more usual and un- 
predictable arrangement using a light 
dependant resistor. 

The circuit aims to provide the follow- 
ing effect. At switch-on, all three bulbs 
illuminate. After a time, a regular cycle is 
set up during which the red bulb slowly in- 
creases in brightness until it reaches a 
maximum when the green bulb begins to 
light. After this too has reached its max- 
imum level, the red bulb dims. When fully 
extinguished, the blue bulb begins to 
switch on whereupon the green bulb is ex- 
tinguished, to be followed by the lighting of 
the red bulb and dimming of the blue bulb. 
The cycle then repeats. 

The result of all this is that the colour of 
the light emitted by the unit cycles approx- 
imately every 25 seconds through the en- 
tire colour spectrum, beginning at red and 
changing through yellow-green-blue- 
magenta and then back to red. 

The circuit may be broken down into 
three sections, these being the ramp 
generator and power supply, voltage con- 
trolled dimmers and logic elements. The 
ramp generator generates slowly rising and 
sharply falling waveforms which are syn- 
chronised with the mains so that the falling 
edge of the ramp occurs at mains zero- 
crossing (see Fig. 1). It operates as follows: 
unsmoothed d.c. from the transformer is 
fed via potential divider VR1 and resistor 
R2 to the base of TR1, so that when the 
mains voltage is not close to zero, TR1 is 
switched on, This removes the base current 
from TR2, cutting it off and preventing it 
from discharging the capacitor C2. The 
voltage across C2 therefore represents the 
type of ramp previously described, and 
although the rising edge is in fact exponen- 
tial rather than linear, the approximation is 
satisfactory in this case. 


1c1 D4 


Q6 G8 Gl O2 Gi Gs O65 
e an at 
REO Re 


TO SYNC. /Ps TRIAC 
CONTROL CCTS(X 3) 


This ramp is sent to the ‘sync’ input of 
the mains control circuits and is compared 
with the voltage across the capacitors 
(C101 to C301) by the CA3140 com- 
parators, the output of which drive the 
triac opto-isolators, The higher the voltage 
across the tantalum capacitors, the more 
time must elapse before the sync voltage 
exceeds this voltage, so that the opto- 
isolator’s L.e.d. is energised, and the later in 
the cycle the main triac is fired. Propor- 
tional control of the power delivered to the 
load is therefore obtained, the power beg- 
ing inversely proportional to the voltage 
across the capacitor. Three mains control 
units were constructed, one each for the 
red, green and blue lamps. 

The rest of the circuit consists of the 
logic required slowly to charge and dis- 
charge C101 to C301 in the appropriate 
manner, A  one-of-ten output decade 
counter (IC2) is connected to an oscillator. 
If the 555 used is not of the recently 
available CMOS type (often numbered 
7555) then it is strongly recommended that 
a 22yF/10V_ electrolytic decoupling 
capacitor be connected directly across the 
supply pins of the NE555, otherwise the 
rest of the circuit may suffer from tran- 
sients introduced on the supply lines when 
the chip changes its output state. The 
period of the oscillator is variable between 
about a second and approximately 15 
seconds or more. During setting up, care 
should be taken never to set VR2 to its 
minimum value. The 4017 is connected so 
that it cycles between only six of the ten 
outputs (Q0-Q5), since when Q6 goes 
high, the device is immediately reset. A 
reset pulse is also applied at switch on via 
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C4 and R7 to ensure that normal opera- 
tion commences as soon as possible. - 
Should problems arise during setting up, it 
should be remembered that the output in- 
creasing the light level is the one connected 
to the transistor discharging C101. Diodes 
D101, D102 and D103 through to D301, 
D302 and D303 are necessary to stop the 
associated capacitor discharging as soon 
as the corresponding output on the 4017 
goes low. 

Setting up is accomplished as follows. 
The presets determining the increase and 
decrease time (VR101—VR302) should be 
turned down to their minimum setting. The 
bulbs should now switch almost instantly 
between being on and off, rather than 
fading. VR1 should be adjusted so that the 
bulbs are as bright as possible while the 
unlit bulbs remain fully extinguished. VR2 
may then be set up to give the required os- 
cillator period (remembering that the full . 


cycle will take six times longer), observing , © 


the previously stated precaution. The fade 
timing presets must now be set up. Wait 
until the appropriate part of the cycle, then 
select an ‘increase time’ preset (i.e. one that 
discharges C101, C201 or C301) and in- 
crease its value, After several cycles have 
past, the preset should be adjusted so that 
the bulb just lights fully in the time that the 
increase input is high. This procedure 
should then be repeated for all the increase 
potentiometers, Similarly, the ‘decrease’ 
pots should be adjusted so that the 
associated bulb just extinguishes during 
the time that the 4017 output is true. This — 
setting up procedure is lengthy and time _ 
consuming, but time spent here pays divi- 
dends in enhancing the effect. 
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Fig. 2. A mains control circuit 


The bulbs used may be any type of 
240V mains bulbs although special care 
should be exercised in the choice of the 
blue lamp, since many spotlamp bulbs 
labelled ‘blue’ produce a blue/green shade. 
If spotlamps are employed, then use ones 
that cast a fairly diffuse pool of light rather 
than producing three separate spots which 
would spoil the effect. The prototype 
currently in operation uses 100W coloured 
reflector bulbs similar to, but slightly 
larger than, those used in sound-to-light 
units, etc. There is of course no reason 
why larger loads should not be driven 
providing that the following points are 
taken into consideration: 

1, Make sure that the mains choke is 

rated for the maximum r.m.s. bulb 


Fig. 3. Showing the relationship 
between the mains voltage V,, and 
the sync signal V,, 

current plus a suitable safety margin 

(say 10%). 

2. The triac should be rated at about 6 

to 8 times the bulb r.m.s. current to 

allow for the switch-on surges in cold 
filaments. 

It is also probably a good idea to add a 
fuse on the live side of the bulbs in addition 
to the single 3A link to protect in the event 
of any short circuits. All the components 
are fairly easy to obtain with the exception 
of the triac opto-isolator which may be ob- 
tained from Maplin Electronic Supplies. 

N. J. Bailey, 
Yatton, Bristol. 


VERSATILE CONTROLLER 


E uses of this controller have turned 
out to be virtually legion-—originally 
developed as a precision temperature con- 
trol for a colour developer water bath to 
within 0-25°C, it can be used to control 
beer fermentation, greenhouse and 
propagator temperature, to turn lights on 
or off at dusk or when the sun shines, to 
- turn on or off a water pump at some 
_ predetermined level, to provide a rain or 
_ frost warning—and so on. The only 
change to suit any particular purpose is in 
the sensor arrangements, and since these 
can be included in a DIN plug housing, the 
unit input is deliberately made universal by 
means of a DIN socket. 

The basic circuit is quite simple, using 
an input resistance bridge composed of the 
> chain R1-4 and VRI for two arms, and 
the sensor socket between both A—B and 
B-C for the other two. Pin 2 of the i.c. can 
have the voltage on it altered by rotating 
VR1, thus setting the operating point, and 
* the line to pin 3 carries a voltage varying 
with the momentary condition of the sen- 
sor. When pins 2 and 3 are at the same 
_ voltage, there is ideally no output on pin 6. 
If pin 3 is positive to pin 2 by even the 
slighest amount, pin 6 goes into positive 
saturation—and vice versa. If pin 6 is 
positive, TRI turns on and closes the 
relay. Since the inputs are in bridge forma- 
tion, the actual value of the supply voltage 
makes no difference to the operation. 

Two features in the diagram may need 
explanation. The resistor chain R1—4 is 
broken into sections at three switched 
sockets, so that VR1 can be plugged in at 
three different voltage points, giving three 
overlapping ranges and a much more open 
scale than if a single potentiometer of say 
47k were used across the supply instead. 
The other odd looking feature is the wiring 
of the indicator Leds. Obviously the 
easiest way is to use a set of changeover 
contacts on the relay, but in the prototype 
the miniature relay used had only one set 
of contacts, of mains size, so another 
method had to be devised. The red Le.d. 
for “off D1 is lit by current sunk by pin 6 
when negative, but to avoid damage to the 
ic. make R5 as high as will permit an in- 
dication. The green led. D2 is lit by 
current passing through the relay coil 


ay 


when on. Before connecting D2 choose R8 
to allow the relay to just close, and then 
choose R7 to provide a parallel path which 
will light D2 and allow the relay to close. 

Various sensors may be used; for tem- 
perature control a Siemens K164 bead 
thermistor with a nominal resistance of 
22k is ideal. If used in air, all it needs for 
protection is two or three coats of oil based 
paint (not cellulose) on it and the wires and 
joints—probe insulation is vital, and must 
not be open to moisture. Response will be 
almost instantaneous. Rx, the balancing 
resistor, should be about the same 
resistance as the sensor, whatever kind is 
used, at the normal state, so 22k is used 
for the thermistor mentioned, It is mounted 
inside the DIN plug housing. The sensor 
lead should be carefully screened to avoid 
interference, and the screen returned to 
Ov. 

For use in water (or beer!) etc., mount 
the bead in a little piece of the very thin 
brass tin tubing available at model shops, 
one end closed by a bit of sheet soldered 
on; fill the closed end for about }in with 
heat sink grease, wrap the bead assembly 
in a bit of polythene sheet (it must be per- 
fectly insulated from the brass) and push it 
down into the grease. Seal the cable exit 
securely with wax or pitch, topped with 
polyurethane glue to make all tight. If the 
fluid being monitored will corrode brass or 


be contaminated by it, a little glass tube 
will have to be used, which will slow the 
response but not impair the accuracy. 

For light sensing purposes, a CdS I.d.r. 
is used, with the same proviso about Rx. 

For water level detection, a pair of wires 
about an inch apart and carefully insulated 
from one another are set to dip into it at 
the required level. For rain or moisture, a 
little bit of copper track board is used face 
up, the tracks connected alternately to the 
leads. One drop of water bridging them is 
sufficient to activate the controller. Note 
that in these cases, the sensor is normally 
open circuit, so that a high resistance, 
typically 220k, must be connected both 
from A to B and from B to C, so as to 
preserve the d.c, balance of the bridge. To 
operate with these leakage sensors, the 
position of VR1 with the probe dry should 
be such that the relay just does not close. 
First class insulation is more than ever 
necessary in these cases. 

The rule in working out any operation is 
always the same—-a reduction in the 
resistance between B and C will turn the 
controller off, and conversely a reduction 
of resistance between A and B will turn it 
on, and if the reverse of this is needed (as 
for instance if a rise in temperature is to 
turn something on) change over the A and 
C leads at the plug, together with Rx. 

S. A. R. Guest, 
Grampound, 
Truro 
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NE of the major problems encountered with the PE 
Ranger CB transceiver (Sept-Dec 1981) was adjacent 
channel interference. The circuit described here attempts to 
overcome this problem by increasing the IF selectivity at 
comparatively low cost. 

The CFM2455D IF filter supplied with the Ranger kit is 
excellent compared to its cost (around 75p), but as its 
response curve shows its rejection of adjacent channel 
transmissions is not good, The Ranger board was studied to 
see how a better filter could be fitted. Consideration was 
given to the cost of such a modification and it was decided 
to mount a piggy-back board in a similar manner to the 
transmitters’ output filter board. The circuit uses a small 
piece of ‘Veroboard’ which has the same hole spacings as 
FL100, (0-1”). 

To overcome the cost of a highly selective ceramic ladder 
or crystal filters, the circuit in Fig. 1 uses an idea from a 
model radio control receiver* which cascades the filter 


Fig. 1. Circuit diagram of the |.F. Filter/Amp 


FL100 with a low cost ceramic ladder filter type CFU455H 
or LFB6. This arrangement gives an IF curve which has very 
steep sides, as compared to the sloping sides of the curve 
given by FL100 only. The extra insertion loss proved to be 
too much though, reducing the Ranger to a ‘locals only’ 
receiver. Selectivity, the object of the exercise, was much 
improved. 

The following IF amp was then evolved to return the gain 
of the now reduced IF signal to its original level. 6-2V is 
available at the centre pin of the FL100 position (marked B) 
and —Ve return is made by soldering the unused tracks of the 
‘Veroboard’ to the can of L106/L107, which also gives the 
board mechanical stability. 

R1 is the CFM2455D output impedance matching 
resistor. The output impedance of this filter is stated as be- 
ing 2kohm, but as the input impedance of TR1 is about 
1kohm, R1 was made 1kohm. 

A BC109, although classed as an audio transistor was 
used for TR1 and this seemed to work well. R4 and C1 
provide decoupling for the supply and the output is taken 
from the collector of TR1 via C2, which then feeds straight 
to pin 5 of IC100. (Marked C). The input is from L107, 
marked A. 
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R2 is given as 750kohm. Preferred values for the E12 
range are 680k and 820k, and either should do if the stated 
value is not available. There is room for experimentation 
here, but remember that too much gain will overload the 
limiting amp in IC100, thereby clipping the wanted signal 
and causing distortion. 

It has been recommended that the oscillator voltage 
stabiliser diode D100 be reduced to 2-7V to reduce the 
amount of RF produced. With this filter/amp it was found 
that the oscillator was now too weak, so the original 5-6V 
Zener was used, The 1000hm across L105 and the 47kohm 
from pin 1,1C100 to ground were left in circuit. 


CONSTRUCTION 

Carefully remove FL100 from the Ranger circuit board, 
being sure not to overheat the leads or the track on the 
board, which will lift and tear away. Once removed, use 
FL100 in position F2 on the filter/amp board. 

The components should be laid out on the Veroboard as 
shown in Fig 2. Don’t forget to cut the track in the ap- 
propriate places, 

Mount all the components before soldering. The three 
leads for A, B, and C can be made from cut off component 
leads, and are best left long until the board is soldered to the 
can of L106/L107. 

When the filter/amp board is completed, carefully insert 
the three leads, A, B, and C (Fig. 1) into the holes left by 
FL100, and marked A, B, and C in Fig. 2. Note where the link 
at H9 touches the top of the L106/L107 can, then put the 
board aside and tin that position on the can, using a fair 
amount of solder. It is then an easy matter to solder the H9 
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Wire tink soldered to 
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Ca 4 (EF i08e8) 


Fig. 2. Veroboard 
layout for the I.F. 
Filter/Amp 


Fig. 3. Mounting details for 
the 1.F. Fitter/Amp 


link to the can. (Note that this link is soldered to the track 
side of the board, bridging the unused tracks. Solder leads 


A,B, and C to their respective pads on the Ranger circuit 


board. 

Do not try to fit the filter/amp board flush with the Ranger 
board as the amplified signal from the limiting amp in 1C100 
can be picked up by C2 and fed back in, causing instability. 


SETTING UP 

The core position of L106/L107 may need to be slightly 
retuned to match the new filter, as with L102/L103. Coil 
cores should not have to be altered more than j of a turn, 
and with a correctly tuned receiver it is worth while making a 
mark on the can for that setting before any retuning is done. 
It is also worthwhile to study the receiver alignment 
procedure as given in the original article. 


CONCLUSION 

For an outlay of somewhere around £2-50p the filter 
makes a worthwhile improvement, putting all but the very 
close adjacent channel transmissions way down in the white 
noise, and it would seem that the majority of complaints of 
‘bleeding over’ is more than likely due to poor IF filtering. 

Other more expensive filters could also be used using the 
same mounting principle of a piggy-back board into the 
holes left by FL100, and in most cases would have the same 
insertion loss as FL100, so an additional amplifier would not 
be needed, but this combination of filters seems to be a very 
effective and low cost alternative. * 
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FM Digital Radio Control system by Terry Platt. 


FREE! READERS’ ADVERTISEMENT SERVICE 


Bical 


WANTED manuals and circuit diagrams for 
Radford (valved) audio equipment; AMP. STA12, 
Control unit type DSM. E. R. Amesbury, 276 
Parrswood Road, Didsbury, Manchester 20. Tel: 
061 445 3698. 

MAPLIN DMO2T MK Il Top octave organ 
generator with tremulant controls. Brand new in 
original packing £8-50, Ashford (Middlesex) 
58878. 

REQUIRED PE June 1977. Phone Evenings 
850 1637. C. E. V. Doughty, 25 Eltham Park 
Gardens, London SEQ, 

TEKTRONIX 585 551 536 Oscilloscopes. 
Good working order £100 with manuals. 01-360 
4499. M. Applebaum, 36 Houndsden Road, 
Winchmore Hill, London N21. 

CREED 75 Teleprinter with interface + control 
software for Atom, Leads + paper roll included. 
£40, Call Change 041 332 7695. K. Y. Chang. 
70 1-Up Ashley Street, Glasgow G3 GHW. 

ZX81 p.s.u. printer and manual 9 months old 
£80 o.n.o. J. Rutherford, 3 Ingleborough Park 
Close, Ingleton via Carnforth, Lancs LA6 3AL. 


Please publish the following small ad. FREE in the next available 
issue. | am not a dealer in electronics or associated equipment. | 
have read the rules. | enclose a cut-out valid date corner. 


Signature ......... 6. cece eee erence ee eee es 


Please read the RULES then write your advertisement here— 
one word to each box. Add your name, address and/or phone no. 
COUPON VALID FOR POSTING BEFORE 8 APRIL 1983 


(One month later for overseas readers.) 


SEND TO: PE BAZAAR, PRACTICAL ELECTRONICS, WESTOVER 
HOUSE, WEST QUAY ROAD, POOLE, DORSET BH15 1JG. 


COMMODORE Computer 4032, big screen 
32K Command-O ROM six months old £630. 
Wymeswold 880789 (Notts). P. Mustoe, 
‘Tynelea', Wymeswold Rd, Wysall, Notts. 


PRACTICAL ELECTRONICS 1964 to 1982. 
Practical Television 1957 to 1977. Everyday 
Electronics 1971 to 1982 offers. Tel: 01-274 
5495. 


UK101 32 x 48 12K BASIC 16K RAM mother- 
board EPROMS + programmer sound 1/2MHz 
3/600B + software £280 o.n.o. N. Brooks, Ed- 
dington 12/6, Essex University, Colchester. Tel: 
0206 862286. Ext. Eddington 12. 


WERSI Electronic Bass kit. All components. 
Manuals, foot pedals, all brand new. £45. Tel: 
0344 51674. Mr.-A. J. Packham, 6 Cotterell 
Close, Priestwood, Bracknell, Berks RG12 2HL. 


OSCILLOSCOPE Heathkit 10-18u with 
manual £50, Sharp 8 track cartridge record-play 
deck RT 811E £20, W. Edwards, 2 Beach Road, 
Burton Bradstock, Bridport, Dorset DT6 4RF. Tel: 
0308 897625. 


RULES Maximum of 16 words plus address and/or phone no, 
Private advertisers only (trade or business ads. can be placed in our 
classified columns). Items related to electronics only. No computer 
software. PE cannot accept responsibility for the accuracy of ads. or 
for any transaction arising between readers as a result of a free ad, 
We reserve the right to refuse advertisements, Each ad. must be 
accompanied by a cut-out valid “date corner”. Ads. will not appear 
(or be returned) if these rules are broken. 


WAYNE Kerr LCR Bridge £20, frequency meter 
£10. Nascom one extras £100 S100 system 
very cheap. Hugh Bridge, 175 Crofton Road, Or- 
pington, Kent BR6 BJB. Tel: 0689 57055. 


12-0-12V 1 amp p.s.u. £9. Leak Varislope pre- 
amp and TL25 amp, offers. Eve. or w/e only. N. 
Savill, 31 Jubilee Avenue, Ascot, Berks. Tel: 
Winkfield Row 884832. 


UK101 8K cased fan cooled. MON 2 and 
Wemon selectable +8K RAM board and sound 
generator board complete £160. J. Courtney, 22 
Bray Road, Maidenhead, Berks SL6 1UE, Phone: 
Maidenhead 35343. 


TEAK case for pre-amp and main amp all metal 
work front panel knobs £10. Carriage paid. C. A. 
Noble, 50 Crofthill Road, Slough, Berks SL2 
THF. 


TANDBERG 3541X 4-track stereo reel. SOS, 
echo, mint (genuinely unused). Test tape. £65 
o.n.o, Tel: (07605) 402. A. Pearson, 52 Stocks 
Green, Castleacre, Norfolk. 


Practical Electronics April 1983 


ae . et ie Ge ~ 


The hardware and software exchange point for PE computer projects 
Table 1. Software 
1F8C 58 CLI This is the startup routine which simply enables 
1F8D 60 RTS interrupts 


IF8E 8DFAIF STA $1FFA 
1F91 8EFBIF STX $1FFB 


Save Accumulator 
Save X register 


1F94 68 PLA Pull Processor Status Word off stack 
1F95 8DFCIF STA $1FFC Save PSW 

1F98 68 PLA Pull PC low byte off stack 

1F99 8DFDIF STA $1FFD Saveit 

1F9C 68 PLA Pull PC high byte off stack 

1F9D 8DFEIF STA SIFFE  Saveit 

1FAO A200 LDX #$00 — Clear screen pointer 

IFA2 A928 LDA #$28 Load Left Bracket character 


IFA4 9D30D0 STA $D030,X Draw on screen 


1FA7 E8 INX Increment screen pointer 
1FA8 ADFEIF LDA $1FFE _ Get PC high byte 

1FAB 20DCIF JSR $1FDC Draw onscreen 

IFAE ADFDIFLDA $I1FFD_ Get PC low byte 


1FB1 20DCIF JSR $1FDC Draw onscreen 

1FB4 A929 LDA #$29 Load Right Bracket character 
1FB6 9D30D0 STA $D030,X Draw on screen 

1FB9 ADFEIF LDA $1FFE Push PC high byte back onto stack 


IFBC 48 PHA 

1FBD ADFDIFLDA $1FFD Push PC low byte back onto stack 
1FCO 48 PHA 

1FC1 ADFCIF LDA $1FFC Push PSW back onto stack 

1FC4 48 PHA 

1FCS5 98 TYA Save Y register on stack—it will be used by 
1FC6 48 PHA delay count 

FCT AEFFIF LDX $1FFF Load delay count into X register 
1FCA ACFFIF LDY $1FFF and Y register 

IFCD 88 DEY Decrement Y 

1FCE DOFD- BNE $iFCD If not zero loop back 

1FDO CA DEX Decrement X 

IFD1 DOFA BNE $1FCD If not zero branch back 

IFD3 68 PLA End of delay—pull Y reg data off stack 
1FD4 A8 TAY Restore Y register 

1FDS5 AEFBIF LDX $1FFB_ Restore X register 

1FD8 ADFAIFLDA $1FFA_ Restore Accumulator 

1FDB 40 RTI Return i.e. execute next instruction 
IFDC 48 PHA Save the byte on stack 

IFDD 4A LSR A Move the top 4 bits 

IFDE 4A LSR A into the lower 4 

1FDF 4A LSR A 

1FEO 4A LSR A 

IFEl 20E91F JSR $1FE9 Convert lower 4 bits to Ascii & output 
IFE4 68 PLA Get next 4 bits 

IFES 20E91F JSR $1FE9 Convert to Ascii & output 

1FE8 60 RTS Return 

1FE9 290F AND #$0F Mask off top 4 bits 

1FEB 18 CLC Prepare for addition 

IFEC D8 CLD 


IFED 6930 ADC #$30 
IFEF C934. CMP #$3A 
1FF1 3002 BMI $1FF5 
1FF3 6906 ADC #$06 
1FF5 9D30D0 STA D030,X Display on screen 


Add Ascii “zero” 
If result more than 9 correct to 
Ascii for A-F 


MACHINE CODE TRACE 

Machine code in RAM can be traced by 
setting a sequence of breakpoints using the 
6502 BRK instruction. If the software is in 
ROM, however, software interrupts are not 
possible and another means has to be 
found. Some processors have a “T-bit” in 


‘the status word which when set causes an 


interrupt after every instruction. This is 
ideal, but unfortunately not available on the 
6502. The nearest solution to the problem 
is to supply the hardware interrupt input 
(iRQ) of the processor with a logic level 
shortly after the start of every instruction. 
This will cause a branch to an interrupt ser- 
vice routine where the current PC can be 
displayed on the VDU, allowing the opera- 
tion of the Monitor and BASIC ROMs to be 
viewed. 

The required signal is most closely 
provided by the SYNC output from the 
6502 chip itself. This output indicates 
when the processor is carrying out an 
“instruction fetch” and as such becomes 
active shortly after an instruction has star- 
ted. In practice, the SYNC signal must be 
inverted before feeding it to the [RQ input. 
This can be done using the circuit in Fig. 7 
incorporating one of the spare inverters on 
the board. 

The interrupt pushes the PC high byte, 
PC low byte and Processor Status Word 
onto the stack and disables interrupts. The 
routine given here pulls those bytes off the 
stack and displays the PC on the top RH 
line of the screen. This constantly updates 
and is “transparent” to the operation of 
BASIC or machine code. 

After giving a memory size of 8075 
bytes, the routine should be keyed-in using 
the machine-code monitor and then linked 
to the {RQ vector by POKE 549,76:POKE 
§50,142:POKE 551,31. 

Once in memory, it can be SAVED to 
tape using the routine given in the UKTO1 
manual. The trace speed can be changed by 
POKEs to 8191 fi=fast 127 = mid 
0 = slow). 

interrupts are then enabled by including 
POKE 11,140: POKE 12,31: X = USR{X} 
to call the startup routine at $1 F8C. Startup 
should be done from within a program and 
not in immediate mode, as this is not 
guaranteed to be successful, The toggle 
switch in the circuit diagram can be used to 
turn off the trace at any convenient time. 

Two points about the routine—firstly the 
readout is bracketed to distinguish it from 
normal screen contents, and secondly it has 
been placed on the top screen line so that 
Line-Feeds do not destroy the screen. 

Using this facility it is quite interesting to 
watch the amount of computing required 
by the various BASIC operations. 


1FF8 E8 INX Increment pointer to screen 

1FF9 60 RTS Return 

IFFA Save accumulator 

1FFB Save X register 

1FFC Save Processor Status Word 

1FFD Save PC low byte 

IFFE Save PC high byte Fig. 1. Circuit diagram. R11 must first, a 

1FFF Delay count be disconnected from IRQ. Pins 8, 9 of +5V 8. Beckett, 
1F8E is the interrupt service routine. 1C18 are currently unused. Blackpool. 
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TRANSFORMER DESIGNER 
This program was sent in by Peter Whittaker of Kliprivier, South 


Africa. When running, it will take 
leading to the design of a low power 


user through a series of steps 
ansformer. The program takes 


care of all the calculations. 


PRINT*INPUT CURRENT ":INPUT"IN AMPS SEC.1";L1:PRINT 

PRINT"DO YOU WANT A SECOND": INPUT"SECONDARY WINDING"; C$:PRINT 
LFLEFT$(C$,1)<>"Y"THEN67 

INPUT"VOLTAGE SEC.2";V7:PRINT 

PRINT" INPUT CURRENT": INPUT“ iN AMPS SEC.2";12;PRINT 

PRINT"DO YOU WISH TO": INPUT'CORRECT INPUT";D$ 
IFLEFTS$(D$,1)="¥"THENS4 :PRINT 

GOSUB128 ;PRINT"*CORE*":PRINT 


70 PRINT"Required core area is":PRINT "dictated by the total" 
2 REM PETE WHITTAKER 71 PRINT'volt/ampere rating of":PRINT"the transformer": PRINT 
3 REM DECEMBER 1981 72 PRINT"In turn it affects the":PRINT’number of turns/volt'':PRINT 
: o AL MONITORS 73 PRINT"the crossectional area';}PRINT"is that of the core" 
& ee ABVERT 74 PRINT'center leg":PRINT"ie the area of the coil" 
75 PRINT"hole opening":PRINT 
7 GOSUBL2S 
76 PRINT "Magneti ti f":PRINT" th t be input" 
SEEKS HOOD RE Ls LOO THENEOLOT 77 PRINT"in linea /em aq.1f not": PRINT"known input O":PRINT 
[Nigel geal 78 INPUT"LINES/em sq";L 
11 DATA53547,150,53548, 150, 53549, 150,53550,150,53551,150 4 tir re 
12 DATA5S3590,156, 53583, 153,53612,156,53615,153,53644,156,53647,153 a1 ABVRSVELEEMLEDVERVE 
13 DATAS3675,151,53676,151,53677,151,53678,151,53679, 151 > : NL ns 
14 DATAS3708,156,53740,156,53772,156,53804,156 82 VA=(V8*I1)+(V7*12) 
15 BDATA5S38905,69,53806,84,538907,69, 100,100 83 D=(6.5416*SQR(VA)) /(5.58*.92) sX$=STRS(D) 
16 GoTo 84 GOSUBI28 :PRINT"TOTAL VA "SVA:PRINT 
1? PRINT” TRANSFORMER DESIGNER" 85 PRINT"MINIMUM CORE" 
18 FORX=OTO700STEP.1:NEXT 86 PRINT"AREA REQUIRED" ;LEFTS(X$,6) ;"cm 9q":PRINT 
19 CLEAR :GOSUBI28 87 PRINT’WHAT SIZE CORE":PRINT"DO YOU WANT TO " 
20 PRINT" TRANSFORMER DESIGNER": PRINT’will design all power 88 INPUT"'USE cm sq please" ;E:PRINT 
21 PRINT'and audio transformers":PRINT" including stepup unite":PRINT 89 IFE<(.94*D)THENPRINT"TOO SMALL":GOTO87 
22 PRINT'Full prompting allows":PRINT'multiple tap options":PRINT 90 REM T/VOLT 
23 PRINT'The user may call on":PRINT"program assumptions to" 91 F=100000000/ (4.44*F1*L*E) 
24 PRINT'permit safe design on":PRINT’used cores":PRINT 92 XS$=STRS(F) 
25 PRINT" HIT ESC KEY" 93 GOSUBL28 ;:PRINT*PRIMARY*": PRINT 
26 IFPEEK(57100)=222THEN28 94 PRINT'TURNS PER VOLT" ;LEFTS(X$,6):PRINT 
27 GOTO26 95 PRINT"NOTE:- all turns are":PRINT"given as total turns" 
28 GOSUB128 96 PRINT"from common": PRINT 
29 PRINT"*PRIMARY*": PRINT 97 FORX=1TOT1:ONXGOTO98 ,99 ,100 
30 PRINT" One to three primary":PRINT"taps at any yoltages" 98 PRINTINT(F*V1L);"TURNS TO":PRINTV1;" VOLT TAP":PRINT:GOTOI1O1 
aL PEIN of your ehotte tky ber sPRINT selected 2 PRINT 99 PRINTINT(F*V2};"TURNS TO":PRINTV2;" VOLT TAP": PRINT:GOTO101 
32 INPUT”HOW MANY TAPS ";71:PRINT 100 PRINTINT(F*V3);"TURNS TO":PRINTV3;" VOLT TAP": PRINT:GOTOIOL 
33 IFTL<1ORT] >3THERPRINT"(1 to 3 PLEASE) ":PRINT:GOTO32 101 NEXT 
34 ROBAS LEON FONAGOTOSS | 36 137 102 XS$=STRS(VA/V1L) 
35 INPUTUTAR | VOLTAGE "'5¥1 sGOTO38 103 PRINT“PRIMARY AMPS" ;LEFT$(X$,5):PRINT 
a: INPUT TRE 2 NOLEAGEN aves G07008 104 G=SQR((VA/V1)*1,.08/(1,55*.7854)) :X$=STRS(G) 
37 WMPUTUTAR 3 VOLEAGE "3 ¥32602038 105 PRINT"WIRE DIAMETER IS": PRINTLEFTS (X$,6) ; "mm": PRINT 
AB NENERTERIRE 106 PRINT" HIT ESC KEY":PRINT" TO CONTINUE" 
39 PRINT" Frequency range may be":PRINT"between 20hz to 20khz" 107 IF PEEK(57100)=222THENI09 
40 PRINT" For wide range audio":PRINT"the mid frequency must" 108 GOTO107 
41 PRINT’be input':PRINT 109 GOSUB128 
42 INPUT"DESIGN FREQUENCY"; Fl: PRINT nm " 
43 TPF1<200RF>20000THENPRINT"OUT OF RANGE":GOTO42 a erence corer edad ecu ibs 
44 PRINT"DO YOU WLSH TO":INPUT"CORRECT INPUT"; B$ Tia’ PRTUTENT PEVAG4"EURNG. So barar eds © ver ¥i . 
45 IFLEFTS (BS, 1)="Y"THEN32 ( ) "TU "iPRINTV45" VOLT TAP": PRINT:GOTOLL5 
46 COSUBI28 :PRINT"*SECONDARIES*": PRINT 113 PRINTINT(F*V5); "TURNS TO":PRINTV5;" VOLT TAP": PRINT:GOTOLLS 
47 PRINTtwo secondaries may be": PRINT"selected." 114 PRINTINT(F*V6);"TURNS TO";PRINTV6;" VOLT TAP": PRINT:GOTOLL5 
48 PRINT’Secondary one allows a":PRINT"choice of one to three” 115 NEXTC 
49 PRINT"taps to ensure design":PRINT"of center or multitap" oe Teed ONES Lice $ ial PRET 
50 PRINT devices": PRINT 3 6) 5° mm": PRIN 
51 PRINT’The second winding is":PRINT"single ended" TAS LER a0) CHEN EES n 
52 PRINT"Total current must not":PRINT’exceed 30 amps ':PRINT 119 PRINT"*SECONDARY 2*": PRINT 
53 PRINT'Windings may be series":PRINT"connnected": PRINT 120 PRINT"TOTAL TURNS FOR":PRINT"SECONDARY 2"; INT(F*V7):PRINT 
54 PRINT’*SECONDARY L*";INPUT"HOW MANY TAPS"; T2 121 T=SQR(T2*1.06/(1.55%.7854)) :X$=STRS$ (1) 
55 LFT2<1LORT2>3THENPRINT"(1 to 3 PLEASE)":PRINT:GOTO54 122 PRINT"WIRE DIAMETER IS":PRINTLEFTS$(X$,6);" mm":PRINT 
56 GOSUBI28 :PRINT"*SECONDARY 1*": PRINT 123 INPUT"RERUN PROGRAM"; E$:PRINT 
57 FORB#1TOT2:ONBGOTO58 ,59 ,60 124 IFLEFT$(E$,1)="Y"THEN19 
58 INPUT"VOLTS TAP 1';V¥4:GOTO61L ‘125 PRINT"BYE THEN" 
59 INPUT"VOLTS TAP 2";V5:GOTO61 126 END 
60 INPUT"VOLTS TAP 3";¥6:GOTO61 128 FORX=0TO28; PRINT :NEXT: RETURN 
4l NEXTB: PRINT OK 
2716 PROGRAMMER EPROM Programmer. The complete circuit 7493 4-bit counter i.c.s, which count the 
p! 


The circuit of the 2716 (5V) EPROM 
Programmer makes a simple stand-alone 
unit which is economical to build. It does 
not need a microprocessor for its working. 
In order to input an 8-bit (one byte) data, it 
employs the popular keyboard circuit 
published in P.E. Sept. ‘78. That circuit has 
become popular, because it directly gives a 
one byte data-word with two key pressings. 
Normal keyboard encoder i.c.s (such as the 
latest 74C922) can give only a 4-bit word, 
and one needs a micro to rotate the bits left 
four times to assemble an 8-bit word into 
the Accumulator of the microprocessor. As 
a proof of its popularity, it appeared, though 
somewhat modified, again in P.E. April "80, 
page 62. So, many P.E. readers will have 
the keyboard already constructed. 

This keyboard, together with a few TTL 
iic.s and some l.e.d.s can make a useful 
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is given in Fig. 1. There is a 10 pole 2 way 
slide switch connecting the keyboard out- 
put to the EPROM data lines. (This switch 
could be a cassette recorder spare part.) 
While reading the EPROM (after program- 
ming), the switch is kept in the open posi- 
tion and then CS pin goes low. The eight 
data leds use two 7400 gates to drive 
them. In the program mode, the switch is 
closed, thus connecting to the keyboard out- 
puts, and then CS goes high, as required for 
programming. The address lines are 
grouped into AOQ-A7 and AB-A 10. 

The A8 to A10 are selected high or low 
using three 2 way slide switches, which are 
wired to +5V and ground, so that one can 
choose a O or 1 for these address bits. 
These bits select the page on the EPROM 
to be programmed or read. The lines 
AOQ-—A7 are fed from the outputs of the two 


address. Incrementing the address is by the | 
toggle switch ‘Addr. Incr.’ which gives one 
pulse at a time, so that one location after 
another of EPROM can be successively 
programmed. The 11 address lines are in- 
dicated by the 11 le.d.s at all times. The 
programming pulse of 50ms is given by the 
pulser switch which initiates the 74121 
monostable to give the 50ms pulse to the 
PGM pin 18 of the 2716. The 25V supply 
needed for programming is also selected by 
a separate 25V-to-5V changeover switch. 
This separate switch is safer than incor- 
porating it within the 10 way slide switch. 
Programming is done by sequencing the 
address by the Addr. Incr. switch. after 
initially resetting the Address lines to 00 by 
the push to open switch ‘Zero Addr.’. Data 
is entered on the keyboard and after check- 
ing up by looking at the l.e.d.s, the pulser 
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switch is pressed once and released. That 
byte would be programmed into the 
EPROM. The procedure can be repeated for 
the next address location and so on. 

For reading/verifying, the slide switch is 
opened from the keyboard side and the 
address is selected by the ‘Addr. Inc.’ pulser 
so that the data l.e.d.s indicate the data 
already in the 2716 at that address. 


EXMON DISASSEMBLER 

The UK101 Extended Monitor contains 
an excellent disassembler, but it will only 
list a given number of lines at one time, 
depending on the contents of location 
$099D. It would be more convenient when 
a printed listing is desired, to be able to 
specify the start and end addresses of the 
program. This may be achieved by using the 
short program given here, which occupies 
locations $07DF to $07FF. 

There are two spare /etters available 
within Exmon, namely J and U. One of 
these may be used to call the routine, and 
the relevant locations (i.e. for J:$0974, 5) 
should be loaded with+$DF and+$07. It is 
then simply a matter of typing J (start), (end 
+1) to use. 


L. J, Dolman, 
Norwich. 

PROGRAM LISTING 
07DF 201 10B JSR $OB11 
O7E2 85D5 STA $D5 
O7E4 ASDB LDA $DB 
O7E6 85D6 STA $D6 
O7E8 20260B JSR $0B26 
O7EB A901 LDA +$01 
07ED 85D8 STA $D8 
O7EF A900 LDA +$00 
O7F1 209E09 JSR $099E 
O7F4 38 SEC 
OTFS ASDS5 LDA $D5 
O7F7 ESDE SBC $DE 
O7F9 ASD6 LDA $D6 
O7FB ESDF SBC $DF 
07FD 90FO BCC $07EF 
O7FF 60 RTS 
PUT +$DF IN $0974 
PUT 4+$07 IN $0975 
TO USE ENTER JXXXX, YYYY 


BASIC TIDY-UP 

Sir—After getting to grips with a UK101 
computer | discovered two very annoying 
features about it. The first was the “Out Of 
Memory” error on the first immediate in- 
struction after a warm start (caused by a 
stack error) and the second was the fact 
that the OK message was output to 
cassette when saving BASIC programs, 
thus causing a “Syntax” error on LOADing. 


POKE 1,34 ; FOKE 2,2 

FOKE 4,38 ; POKE 5,2 

FOR T=546 TO 581 

READ A: FOKE T,A 

NEXT 

DATA 162, 252, 154, 76, 116, 162, 169, 43, 32, 105, 255 
DATA 169, 10, 32, 105, 255, 162, 8, 129, 61, 2, 42, 45 


DATA 191, 262, 208, 247, 96, 10, 13, 46, &9, 68, 45, 49, 
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Fig. 1. EPROM programmer 


! include a short BASIC program to load 
some machine code which will cure both 
these faults. An added bonus is that the OK 
message can be changed to anything one 
wants; | have made it output READY in- 
stead but anyone with machine code ex- 
perience will be able to change this. The 
machine code resides at 0222 up to 0245 
inclusive, The BASIC can be destroyed after 
the program is run. After a cold start the 
two vectors have to be reset for the new 
routine so one must type in the two lines of 
POKE (lines 10, 20) in immediate mode. 

N. J. Young, 
Bristol. 


CEGMON ERROR MESSAGES 
Sir—Since there does not seem to be much 
information about the UK101/Superboard 
in the mainline journals | would like to see 
Micro Prompt monthly. 

Although the latest microcomputers 
have high resolution graphics, many of 
them do not have an auto-repeat keyboard, 
a hardware monitor and standard chips, like 
the UK107. 

Here is a quick tip on how to obtain stan- 
dard error messages with Cegmon. 

50000 For X=576 TO 580: READ A: 
POKE X,A : NEXT: POKE 
538,64 : POKE 539,2 
50010 DATA 41,127,76,155,255 
M. P. Winter, 
82 South Glamorgan. 


+VE 


g PAGE 
SELECT 


me ADDR. L.E.Ds 
HX 270 


VE. ADDR. 


p UNTERS 


PROG. PULSER 


PLEASE 


Micro Prompt has been devised 
to provide an exchange point for 
ideas which apply to any P.E. com- 
puter project—it does not have to 
be related to the UKI0O1! Any pro- 
ject which is either computerised 
(uses a microprocessor), or which is 
intended to be a computer 
peripheral, may be discussed here. 
Submitted material may be hints, 
suggestions, hardware modifica- 
tions or software, although software 
should not be lengthy. 


It should be emphasised that 
material presented in Micro Prompt 
has not necessarily been proved by 
us. Neither can compatibility with 
all generations of the computer 
equipment to which it relates be 
guaranteed, 


NOTE 


Allophone (extended phoneme) system gives 


unlimited vocabulary. 


Can be used with unexpanded VIC20 or ZX81— 
does not require large areas of memory. 

In VIC20 version, speech output is direct to TV 
speaker with no additional amplification needed. 
Allows speech to be easily included in programs. 


Complete kit only £24.95. 


Order As LKOOA (VIC20 Talk-Back). 

LK01B (ZX81 Talk-Back). 
Full construction details in Maplin Projects Book 6. 
Price 70p. Order As XA06G (Maplin Mag Vol. 2 No. 6). 


* Full size, full travel keyboard that's simple to add to your 
ZX81 (no soldering in 2X81), 

* Complete with electronics to make “Shift Lock”, 
“Function” and “Graphics 2” single key selections. 

* Powered (with adaptor supplied) from ZX81's own 
standard power supply. 

Full details in Project Book 3 (XAO3D) Price 6Op 

Complete kit (excl. case) £19.95. Order As LW72P. 

Case £4.95, Order As XG17T. 

Ready built-in case £29.95. Order As XG22Y. 


3-Channel Sounds Generator (Details in Book 5) 
Order As LW96E. Price £10.95 

ZX81 Sound On Your TV Set (Details in Book 6) 
Order As LKO2C, Price £19.95 

ZXB1 1/0 Port gives two bi-directional 8-bit ports 
(Details in Book 4) 

Order As LW76H. Price £9.25 


ZX81 Extendiboard will accept 16K RAM and 3 other 
plug-in modules. 
PCB: Order As GBOBJ. Price £2.32 
Edge Connectors (4 needed) 
Order As RK350O. Price £2.39 


Six independent channels - 2 
or 4 wire operation. External 
horn. High degree of protec- 
tion and long term reliability. 
Full details in Projects Book 2 

(XA02C) Price 60p 


Post this coupon now! 


Easy-to-build, superb 
specification. Compar- 
able with organs selling 
for up to £1000. Full 
construction details in our 
book (XH55K). Price £2.50. 
Complete kits available 
Electronics (XY91Y) £299.95* 
Cabinet (XY93B) £99.50* 
Demo cassette (XX43W) £1.99 


* Carriage extra 


* Over 26Wjchannel into 8Qat 1kHz both channels driven 

* Frequency response 20Hz to 40kHz + 1dB. 

* Low distortion, low noise and high reliability power 
MOSFET output stage. 

* Extremely easy to build. Almost everything fits on main 
peb, cutting interwiring to just 7 wires (plus toroidal 
transformer and mains lead terminations) 

* Complete kit contains everything you need including 
pre-drilled and printed chassis and wooden cabinet 

Full details in Projects Book 3. Price 60p (KAO3D). 

Complete kit only £49.95 incl. VAT and carriage (LW71N). 


Send now for an ers ———— 
application form —then | | 
buy it with MAPCARD 
MAPCARD gives you 
real spending power — | 


56790013 | 
up to 24 times your | M Siaithy 
monthly payments, tC = Exmury Date NOV 79 | 
instantly. j 


All prices include VAT & carriage. Please add 50p handling charge to orders under £5 total value. 


Please send me a copy of your 1983 catalogue. | enclose £1.50 (inc 
p&p). If | am not completely satisfied | may return the catalogue to you 
and have my money refunded. If you live outside the U.K. send £1.90 or 
10 International Reply Coupons. Despatched by return of post. 


Name 


Address 


PE/4/83 


SPEECH SYNTHESISER 
FOR ZX81 and ViIC20 


Full details in our project books. Issues 1 to 5; 60p each, 
Issue 6; 70p 

In Book 1 (XA0O1B) 120W rms MOSFET Combo- 
Amplifier @ Universal Timer with 18 program times and 
4 outputs @ Temperature Gauge ® Six Vero Projects 
In Book 2 (XAO2C) Home Security System ©@ Train 
Controller for 14 trains on one circuit @ Stopwatch with 
multiple modes @ Miles-per-Gallon Meter. 
In Book 3 (XAO3D) ZX81 Keyboard with electronics 
Stereo 25W MOSFET Amplifier @ Doppler Radar Intruder 
Detector @ Remote Control for Train Controller. 
In Book 4 (XAO4E) Telephone Exchange for 16 exten- 
sions @ Frequency Counter 10Hz to GOOMHz @ Ultrasonic 
Intruder Detector @ |/O Port for ZX81 @ Car Burglar 
Alarm @ Remote Control for 25W Stereo Amp. 
In Book 5 (XAO5F) Modem to European standard 
100W 240V AC Inverter @ Sounds Generator for ZX81 

Central Heating Controller @ Panic Button for Home 
Security System Model Train Projects Timer for 
External Sounder. : 
In Book 6 (KAO6G)* Speech Synthesiser for ZX81 & 
VIC20 @ Module to Bridge two of our MOSFET Amps to 
make a 350W Amp @ ZX81 Sound on your TV 

Damp Meter* Scratch Filter 


Over 390 pages packed 
with data and pictures 
and all completely 
revised and including 
over 1000 new items. 
On sale in all branches 
of WHSMITH 

Price £1.25 


